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SUMMARY
Many o f  th e  s o i l s  o f  I r a q  have s a l i n i ty  problem s. The causes 
o f  s o i l  s a l i n i ty  were considered . These a re  p r in c ip a l ly  
e v ap o n tran sp ira tio n  o f  i r r ig a t io n  w ater co n ta in in g  la rg e  
amounts o f s a l t s ,  and a r i s in g  ground w ater ta b le  th rough 
s a l in e  s o i l  p r o f i l e s ,  A secondary cause i s  th e  e f fe c t  o f 
la rg e  amounts o f  f e r t i l i z e r .
The work re p o rted  in  t h i s  th e s i s  i s  concerned w ith  an 
exam ination o f  s a l in e  s o i l s .  The in v e s t ig a tio n  s e t  out to  
measure th e  co n cen tra tio n s  o f th e  so lu b le  ions and t h e i r  
r e la t io n s h ip  w ith  each o th e r . Thus ions s tu d ie d  a re  th o se  
involved  in  s a l in e  s o i l s  and which a f f e c t  p la n t growth.
The s o i l  samples used  in  t h i s  work were taken  from th e  banks 
o f  th e  F o rth  e s tu a ry , which i s  p e r io d ic a l ly  flooded by 
e s tu a r in e  w a ter. This i s  one o f th e  few s i tu a t io n s  where 
s a l in e  s o i l s  a re  found in  tem perate c lim a te s . The s o i l s  
were an a ly sed , a s  was th e  p la n t cover and s tan d in g  w ater.
I t  was found th a t  Na and Cl were th e  dominant ions in  th e se
s o i l s ,  w hile Mg and SO^ were p re sen t in  le s s e r  amounts.
S im ila r amounts o f Ca were found in  bo th  th e  flooded (g leyed
.and muck s o i l )  and non flooded  s o i l s  (brown e a r th  s o i l ) .  In  th e
brown e a r th , Ca and Mg were th e  predom inate c a tio n s  w ith  le s s e r  
amounts o f  Na and K.
The a n a ly s is  o f  s tan d in g  w ater in d ic a te d  th a t  th e  predom inate
ions were Cl and Nay and th e  o rd e r o f c a tio n  c o n cen tra tio n s  
were
Na >  Mg >  Ca >  K
The c a tio n  exchange c ap ac ity  o f th e  g leyed s o i l  was h ig h e r 
than, mack and brown e a r th  s o i l s .
P hysical a n a ly s is  showed th a t  th e se  s o i l s  had a  very  f in e  
te x tu re  and had a very  low p e rm e ab ility  under s a tu ra t io n  
co n d itio n s  ( l e s s  than  1.4  x 10*^ cm /sec).
In  experim ents c a r r ie d  out to  measure th e  e f f e c t s  o f d i f f e r e n t  
s a l t s  (NaCl, Na2S0^ y KCly MgCl^, MgS0^y CaCl^, CaSO^)
on th e  s o lu b i l i ty  o f s o i l  c a tio n s  two co n cen tra tio n s  were 
used  -  low co n cen tra tio n  ( 0 , 2y5 y 10 m eq/l and high  
co n cen tra tio n  ( 20y 60 , 80 m eq /l).
I t  was found th a t  w ith  a  few excep tions a t  d i lu te  co n cen tra tio n s  
th e  o rd e r o f  d isplacem ent o f c a tio n s  fo llow ed th e  ly o tro p ic  
s e r ie s
Ca >  Mg >  K >• Ha 
w hile  w ith  anions th e  o rd e r was SO  ^ 7  Cl.
However a t  h igh  co n cen tra tio n s  c o n f lic in g  r e s u l t s  were ob ta ined  
due to  in te r f e re n c e s T(such  as in s o lu b i l i ty ,  ion  p a i r s  e tc . )  
which changed th e  o rd e r o f e f f ic ie n c y  o f d isplacem ent o f th e  
c a tio n s .
Since phosphate i s  an e s s e n t ia l  p la n t n u t r ie n t ,  th e  e f f e c t  o f 
s a l t s  on i t s  s o lu b i l i ty  was s tu d ied . Some experim ents were 
c a r r ie d  out on th e  n a tiv e  phosphate in  th e  s o i l .
I t  was c le a r ly  shown th a t  th e  type o f s a l t  had more e f f e c t  
on decreasin g  th e  n a tiv e  phosphate in  g leyed  s o i l  than  in  
brown s o i l ,  and a lso  w ith  th e  same s o i l  ifce s a l t  had a  g re a te r  
e f f e c t  on PO  ^ w ith  to p  s o i l  th an  w ith  sub s o i l .
In  most cases th e  a d d itio n  o f  Cl reduced the  s o lu b i l i ty  o f 
n a tiv e  phosphate more th an  SO^. The r e la t iv e  e f f e c t  o f  
d i f f e r e n t  c a tio n s  o n t h e  s o lu b i l i ty  o f phosphate was not in  
th e  same o rd e r as th e  ly o tro p ic  s e r ie s .  The e f f e c ts  d i f f e r  
w ith  th e  type o f s a l t  added and w ith  s o i l  depth.
In  o th e r  experim ents phosphate s o lu tio n  was added to  th e  s o i l  
in  d i f f e r e n t  amounts.
In  g en era l, th e  p resence  o f s a l t s  reduced th e  s o lu b i l i ty  o f
phosphate. Sulphate had a le s s  marked e f f e c t  on th e  s o lu b i l i ty
o f phosphate th an  c h lo rid e , w hile in  th e  case  o f  s a l t s  w ith  th e
same anion , th e  decrease  in  th e  s o lu b i l i ty  o f  phosphate was
in  th e  o rd e r
Na >  K >  Mg >  Ca
s
This can be  accounted fo r  by in te ra c t io n s  between s a l t  so lu tio n  
and s o i l .  This work suggested  th a t  s o i l  s a l i n i t y  r e s t r i c t s  the  
amount o f so lu b le  phosphate in  s o i l  so lu tio n . This could ex p la in  
why in  s a l in e  s o i l s  th e  amount o f phosphate a v a ila b le  to  th e  
p la n t might be  low er than  th a t  a v a ila b le  in  a  n o n -sa lin e  s o i l .
The e f fe c t  o f s a l t  on ca lcareous s o i l  was a lso  s tu d ied . To 
sim u la te  ca lca reo u s s o i l s ,  powdered calcium  carbonate  was 
added to  s o i l  sam ples. The s o lu b i l i ty  o f c a tio n s  when s a l t  
so lu tio n s  were ap p lied  was found to  be lower in  th e  t r e a te d  
s o i l  th an  in  th e  c o n tro ls  except in  th e  case o f calcium .
The e f f e c t  o?r s a l t  on th e  d is s o c ia t io n  o f Ca from calcium  
carbonate  was found to  be g re a te r  in  th e  case  o f  SO  ^ than  Cl, 
w hile  w ith  th e  same anion th e  d if fe re n c e  between c a tio n s  can 
be  exp lained  by a  valency  e f f e c t .
The e f f e c t  o f NaCl and JigCl^ f o r  in d iv id u a l and mixed samples 
o f  th e se  s a l t s  showed a marked in c re ase  in  th e  s o lu b i l i ty  o f 
Ca in  th e  case o f  th e  m ix ture, compared w ith  th e  in d iv id u a l 
s a l t s .
®his suggested  th a t  th e  leach in g  o f ca lca reo u s s o i l  i s  le s s  
e f fe c t iv e  in  removing s a l t s  from th e  s o i l  th an  th e  leach in g  
o f  a  non-ca lcareous s o i l .
The h ig h e r m o b ility  o f  calcium  carbonate  under s a l in e  co n d itio n s  
may g ive  r i s e  to  problems i f  i t  i s  r e p re c ip i ta te d ,  e .g . 
problems such as th e  blockage o f  d ra in s  and con d u its  where 
an excess o f non s a lin e  i r r ig a t io n  w ater i s  u sed  to  remove 
th e  s a l t  from th e  s o i l  p r o f i le  and a lso  th e  s o i l  s tru c tu re  
may be damaged. To remedy th i s  may be ve iy  expensive. 
A lte rn a tiv e  so lu tio n s  include a d d itio n  o f calcium  su lp h a te  
to  th e  s o i l  o r to  th e  i r r ig a t io n  w ater and th e  growing o f crops
which can to le r a t e  th e  s a l i n i ty .
The a d d itio n  o f monovalent s a l t s  was found to  in c re a se  
c o n d u c tiv ity  more than  divalent*, -thus in d ic a t in g  th a t  
monovalent s a l t s  have a  more im portant e f f e c t  on s o i l  
s a l i n i t y .  Tims th e  t o t a l  c o n ce n tra tio n  o f th e  s a l t s  p re sen t 
i s  not p ro p o r tio n a l to  th e  c o n d u c tiv ity .
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SUMMARY
Many o f  th e  s o i l s  o f  I r a q  have s a l i n i t y  problem s. The causes 
o f s o i l  s a l i n i ty  were consid ered . These a re  p r in c ip a l ly  
ev ap o n tran sp ira tio n  o f  i r r ig a t io n  w ater co n ta in in g  la rg e  
amounts o f  s a l t s ,  and a r i s in g  g ro u n d w a te r ta b le  th rough 
s a l in e  s o i l  p r o f i l e s .  A secondary cause i s  th e  e f fe c t  o f 
la rg e  amounts o f  f e r t i l i z e r .
The work re p o rted  in  t h i s  th e s i s  i s  concerned w ith  an 
exam ination o f  s a l in e  s o i l s .  The in v e s t ig a tio n  s e t  out to  
measure th e  co n cen tra tio n s  o f  th e  so lu b le  ions and t h e i r  
r e la t io n s h ip  w ith  each o th e r . Thus ions s tu d ie d  a re  th o se  
involved  in  s a l in e  s o i l s  and which a f f e c t  p la n t growth.
The s o i l  samples used  in  t h i s  work were tak en  from th e  banks 
o f  th e  F o rth  e s tu a ry , which i s  p e r io d ic a l ly  flooded by 
e s tu a r in e  w a ter. This i s  one o f th e  few s i tu a t io n s  where 
s a lin e  s o i l s  a re  found in  tem perate c lim a te s . The s o i l s  
were an a ly sed , a s  was th e  p la n t cover and s tan d in g  w a ter.
I t  was found th a t  Na and Cl were th e  dominant ions in  th e se
s o i l s ,  w hile  Mg and SO  ^ were p re sen t in  l e s s e r  amounts.
S im ila r amounts o f Ca were found in  bo th  th e  flooded (g ley ed
and muck s o i l )  and non flooded  s o i l s  (brown e a r th  s o i l ) .  In  th e
brown e a r th , Ca and Mg were th e  predom inate c a tio n s  w ith  l e s s e r  
amounts o f  Na and K.
The a n a ly s is  o f  s tan d in g  w ater in d ic a te d  th a t  th e  predom inate
ions were Cl and Na, and. th e  o rd e r o f c a tio n  c o n cen tra tio n s  
were
Na Mg >  Ca >  K
The c a tio n  exchange cap ac ity  o f th e  gleyed  s o i l  was h ig h e r
than, mack and brown e a r th  s o i l s .
Physical a n a ly s is  showed th a t  th e se  s o i l s  had a  very  f in e  
te x tu re  and had a very  low p e rm e ab ility  under s a tu ra t io n  
co n d itio n s  ( l e s s  th an  1.4  2  10""  ^ cm /sec).
In  experim ents c a r r ie d  out to  measure th e  e f f e c t s  o f d i f f e r e n t  
s a l t s  (NaCl, Na^SO^, KC1, CaCl,,, CaSO^)
on th e  s o lu b i l i ty  o f s o i l  c a tio n s  two co n cen tra tio n s  were 
used  — low co n cen tra tio n  ( 0 , 2, 5 , 10 m eq/l and high 
co n cen tra tio n  (20, 40 , 60, 80 m eq /l}.
I t  was found th a t  w ith  a  few excep tions a t  d i lu te  co n cen tra tio n s  
th e  o rd e r o f  displacem ent o f  c a tio n s  follow ed th e  ly o tro p ic  
s e r ie s
Ca Mg >  K y  Na
w hile  w ith  anions th e  o rd e r was SO^ 7  C l.
However a t  h igh  co n cen tra tio n s  c o n f lic in g ’ r e s u l t s  were ob ta ined  
due to  in te r f e r e n c e s ,( such as in s o lu b i l i ty ,  ion  p a ir s  e tc . )  
which changed th e  o rder o f e f f ic ie n c y  o f d isplacem ent o f th e  
c a tio n s .
Since phosphate i s  an e s s e n t ia l  p la n t n u tr ie n t ,  th e  e f f e c t  o f 
s a l t s  on i t s  s o lu b i l i ty  was s tu d ie d . Some experim ents were 
c a r r ie d  out on th e  n a tiv e  phosphate in  th e  s o i l .
I t  was c le a r ly  shown th a t  th e  type o f s a l t  had more e f fe c t
on decreasin g  th e  n a tiv e  phosphate in  g leyed  s o i l  than  in
brown s o i l ,  and a lso  w ith th e  same s o i l  idie s a l t  had a g re a te r
e f f e c t  on PO. w ith  to p  s o i l  th a n  w ith  sub s o i l .
4
In  most cases th e  a d d itio n  o f Cl reduced th e  s o lu b i l i ty  o f 
n a tiv e  phosphate more th an  SO^. The r e la t iv e  e f f e c t  o f 
d i f f e r e n t  c a tio n s  on; th e  s o lu b i l i ty  o f phosphate was no t in  
th e  same o rd er as th e  ly o tro p ic  s e r ie s .  The e f f e c ts  d i f f e r  
w ith  th e  type o f s a l t  added and w ith  s o i l  depth .
In  o th e r  experim ents phosphate so lu tio n  was added to  th e  s o i l  
in  d i f f e r e n t  amounts.
In  g e n e ra l, th e  p resence  o f  s a l t s  reduced th e  s o lu b i l i ty  o f
phosphate. Sulphate had a le s s  marked e f f e c t  on th e  s o lu b i l i ty
o f  phosphate th an  c h lo rid e , w hile  in  th e  case  o f  s a l t s  w ith  th e
same an ion , th e  decrease  in  th e  s o lu b i l i ty  o f  phosphate was
in  th e  o rd e r
Na >  K y  Mg >  Ca
This can be accounted fo r  by in te ra c t io n s  between s a l t  so lu tio n  
and s o i l .  This work suggested  th a t  s o i l  s a l i n i t y  r e s t r i c t s  th e  
amount o f  so lu b le  phosphate in  s o i l  so lu tio n . This could ex p la in  
wby in  s a l in e  s o i l s  th e  amount o f phosphate a v a ila b le  to  th e  
p la n t might be low er than  th a t  a v a ila b le  in  a  n o n -sa lin e  s o i l .
The e f fe c t  o f s a l t  on ca lca reo u s s o i l  was a lso  s tu d ied . To 
sim u la te  ca lca reo u s s o i l s ,  powdered calcium  carbonate  was 
added to  s o i l  sam ples. The s o lu b i l i ty  of c a tio n s  when s a l t  
so lu tio n s  were ap p lied  was found to  be lower in  th e  t r e a te d  
s o i l  th an  in  th e  c o n tro ls  except in  th e  case o f calcium .
The e f f e c t  o f  s a l t  on th e  d is s o c ia t io n  o f Ca from calcium  
carbonate  was found to  be g re a te r  in  th e  case  o f  SO  ^ th an  Cl, 
w hile  w ith  th e  same anion th e  d if fe re n c e  between c a tio n s  can 
b e  exp lained  by a  valency  e f f e c t .
The e f f e c t  of NaCl and MgCl^ f o r  in d iv id u a l and mixed samples 
o f th e se  s a l t s  showed a marked in c re a se  in  th e  s o lu b i l i ty  o f 
Ca in  th e  case o f  th e  m ix tu re , compared w ith  th e  in d iv id u a l 
s a l t s .
® iis  suggested  th a t  th e  le ach in g  o f ca lca reo u s s o i l  i s  le s s  
e f fe c t iv e  in  removing s a l t s  from the  s o i l  th an  th e  leach in g  
o f  a  non-ca lcareous s o i l .
The h ig h e r m o b ility  o f  calcium  carbonate  under s a l in e  co n d itio n  
may g ive  r i s e  to  problems i f  i t  i s  r e p re c ip i ta te d ,  e .g . 
problems such as th e  blockage o f  d ra in s  and co n du its  where 
an excess o f non s a lin e  i r r ig a t io n  w ater i s  u sed  to  remove 
th e  s a l t  from the  s o i l  p r o f i l e  and a lso  th e  s o i l  s tru c tu re  
may be damaged. To remedy th i s  may be very  expensive. 
A lte rn a tiv e  s o lu tio n s  inc lude  a d d itio n  o f calcium  su lp h a te  
to  th e  s o i l  o r to  th e  i r r ig a t io n  w ater and th e  growing o f crops
which, can to le r a t e  th e  s a l i n i ty .
The a d d itio n  o f monovalent s a l t s  was found to  in c rease  
c o n d u c tiv ity  more than  d iv a le n t, th u s  in d ic a tin g  th a t  
monovalent s a l t s  have a  more im portan t e f f e c t  on s o i l  
s a l i n i t y .  Thus th e  t o t a l  co n ce n tra tio n  o f th e  s a l t s  p re sen t 
i s  not p ro p o r tio n a l to  th e  c o n d u c tiv ity .
1CHAPTER ONE 
INTRODUCTION
I r r ig a t io n  has "been used s u c c e ss fu lly  fo r  a long  tim e in  
Egypt and China and t h e i r  lands s t i l l  produce good crop y ie ld s .
In  Mesopotamia however i r r ig a t io n  f a i lu r e s  occurred  where an 
e a r ly  g re a t c iv i l i z a t io n  developed in  th e  v a lle y  formed by th e  
T ig r is  and E uphrates r i v e r s .  This c iv i l i z a t io n  has co llap sed  
fo r  a  v a r ie ty  o f  reaso n s , a  decrease  in  th e  a g r ic u l tu r a l  
p ro d u c tiv ity  occurred  and Mesopotamia su ffe red  from w aterlogging  
and s a l i n i t y  problem s.
Methods o f  i r r ig a t io n  a re  considered  to  be one o f th e  most 
im portant f a c to r s  which a f f e c t  s a l t  d i s t r ib u t io n  on a g r ic u l tu r a l  
lan d .
B ern ste in  and Fireman (1957) d esc rib ed  th e  d i s t r ib u t io n  o f 
s a l t s  r e s u l t in g  from furrow i r r i g a t io n .  Goldberg e t a l  (1971) 
gave p a r t i a l  r e s u l t s  on m oistu re  d e p le tio n  and s a l t  d i s t r ib u t io n  
p a t te rn s  u s in g  s p r in g ie rs  fo r  i r r i g a t in g  a  v in ey ard .
S o il s a l i n i t y  occurs in  reg io n s  o f a r id  and' semi a r id  c lim a tes
s
m ainly by p r e c ip i ta t io n  o f s a l t s  which can be recogn ised  by 
th e  w hite  c ru s t  formed on th e  su rface  o f some I r a q i  s o i l s .
These s o i l s  correspond to  Hilga-rds (1906)» Mw hite a lk a l i  
s o i l s ” , and to  th e  "Solonchak" o f th e  R ussian s o i l  s c i e n t i s t s
2(R u s se ll  1961) .
S a lin e  and a lk a l i  s o i l s  had been s tu d ied  by many workers 
b e fo re  th e  tu rn  o f th e  century,(H ayw ard and Wadleigh 1949) •
The term inology and c la s s i f i c a t io n  proposed by M agistad (1945) 
and th e  U.S. S a l in i ty  L aborato ry  (1947) fo r  s a l in e  and a lk a l i  
s o i l s  a re
1 A lk a ti s o i l
2 Non s a l in e  -  a lk a l i  s o i l
3 S a lin e  -  a l k a l i  s o i l
4 S a iin e  s o i l
In  b r i e f ,  th e  f i r s t  th re e  s o i l s  co n ta in  s u f f ic ie n t  exchangeable 
sodium to  in te r f e r e  w ith  th e  growth o f  most p la n ts .  In  a d d itio n , 
a lk a l i  s o i l  may o r  may not co n ta in  s u f f ic ie n t  q u a n t i t ie s  o f 
so lu b le  s a l t s .  Non s a lin e  s o i l  does not co n ta in  s u f f ic ie n t  
q u a n t i t ie s  o f  so lu b le  s a l t s .  The exchangeable sodium percen tage  
o f  t h i s  c la s s  (non s a lin e  -  a lk a l i  s o i l )  i s  g re a te r  than  15? 
th e  e l e c t r i c a l  co n d u c tiv ity  o f  s a tu ra tio n  e x tra c t  i s  l e s s  than  
4 mmohs/cm a t  25°C and th e  pH o f  th e  s a tu ra t io n  s o i l  u s u a lly
8 .5  - 10.0 .
In  th e  s a l in e —a lk a l i  s o i l  th e  exchangeable sodium percen tage 
i s  g re a te r  th an  15, th e  e l e c t r i c a l  c o n d u c tiv ity  i s  more th an  
4 mmhos/cm and th e  pH i s  u s u a lly  le s s  than  8 .5 -
S a lin e  s o i l  r e f e r s  to  a  non a lk a l i  s o i l  co n ta in in g  so lu b le
3s a l t s  in  such q u a n t i t ie s  th a t  they  in te r f e r e  w ith  th e  growth
th e  exchangeable sodium percen tage i s  le s s  th an  15 and th e  pH 
i s  le s s  th an  8,5* The c a tio n s  involved in  s a l in e  s o i l s  a re  
u s u a lly  Ca y Mg t K and Na , w hile th e  c h ie f  an ions a re
occur bu t so lu b le  carbonates a re  in v a r ia b ly  absen t (H esse 1971)•
The presence o f  s a l t s  however in  so lu b le  form produce high  
s a l i n i t y  which i s  shown by h igh  c o n d u c tiv ity . The s o lu b i l i ty  
o f  s a l t s  a re  shown in  Table (2 ,1 )  •(. Hodgman e t  a l
The s tan d a rd s  o f e v a lu a tin g  s o i l  s a l i n i t y  d i f f e r  from country  
to  coun try .
According to  th e  U,S, system , s a lin e  s o i l s  o f  I r a q , f o r  example, 
a re  grouped acco rd ing  to  t h e i r  content o f  t o t a l  so lu b le  s a l t s  
in to  f iv e  c la s s e s ,  a s  shown in  Table (1 .5 )*  This c l a s s i f i c a t io n  
in  A lg e ria  i s  based on th e  s o i l  ch lo rid e  c o n te n t, (Bonlaine
S a l in iz a t io n  o f  s o i l s  may be in c reased  by a g r ic u l tu r a l  
mismanagement. One o f th e  im portant f a c to r s  in  t h i s  re sp ec t 
i s  th e  use  o f  excess w ater in  i r r ig a t io n  which le ad s  to  a
e v a p o tra n sp ira tio n , s a l t s  accum ulate on th e  s o i l  su rface  and
o f  most p la n ts .  I t s  co n d u c tiv ity  i s  g re a te r  th an  4 mmhos/cm,
Cl and SO  ^ • Small amounts o f  n i t r a t e  and b ica rb o n a te  may
1960) .
1956) .
r i s e  in  th e  ground, w ater ta b le .  Under h igh  p o te n t ia l
\
in te r f e r e  w ith  p la n t growth.
The use  o f  h igh  f e r t i l i z e r  dosage where th e  f e r t i l i z e r  has 
a  h igh  s a l t  index may in c rease  s o i l  s a l in i ty ,( J a c k s o n  1962) ,  
which does occur w ith  th e  I r a q i  s o i l s .  T his i s  e sp e c ia lly  
t ru e  w ith  phosphorus on m inera l s o i l s  and potassium  on o rgan ic  
s o i l s . (  Cook and Davis 1957)*
Most o f th e  I r a q i  s o i l s  have su ffe re d  from s a l i n i t y  problems 
due to  mismanagement o f i r r i g a t io n  over th e  y e a rs . Consequently 
much o f  th e  laud  can be used fo r  cropping on ly  in  a l te r n a te  
y e a rs . The p ro d u c tiv ity  o f  such land  i s  considered  to  be 
very  low. Thus a system atic  p lanned removal o f s a l t s  i s  
r e q u ire d , from an i r r ig a t io n  scheme, A p roper le ach in g , 
d ra inage  and good management scheme should b r in g  about a 
g re a t improvement,
1,1 C la s s i f ic a t io n  o f  ir r ig a t io n  water q u a lity
I t  was recommended (U ,S, S a l in i ty  L aboratory  s t a f f ,  1954 
and Wilcox 1955) th a t  i r r ig a t io n  w ater q u a l i ty  should be 
c la s s i f i e d  a s  fo llow s
1 T o ta l s a l i n i t y
2 Sodium content
3 Boron conten t
4 B icarbonate content
1 The most im portant c r i t e r io n  o f  i r r ig a t io n  w ater q u a l i ty
i s  p robably  th e  t o t a l  s a l t  c o n ce n tra tio n . W aters a re  d iv id ed
in to  fo u r d i f f e r e n t  c la s s e s  on th e  b a s is  o f  e l e c t r i c a l  
co n d u c tiv ity  measurements a s
( i )  Low s a l i n i t y  <C 250 («mhos/cm (C^)
( i i )  Medium s a l i n i t y  250 -  750 pnhos/cm (C^)
( i i i )  High s a l i n i t y  750 -  2250 pnhos/cm (C^)
( iv )  Very h igh  s a l i n i t y *^2250 |fcnhos/cra (C^)
2 W aters a re  d iv id ed  in to  fo u r c la s s e s  w ith  re sp e c t to  
th e  sodium hazard  based on sodium ad so rp tio n  r a t i o
StA«R*
Soluble sodium in  meq/L-
/Soluble (calcium  + magnesium) in  meq/12
At an e l e c t r i c a l  co n d u c tiv ity  va lue  o f  1 0 0 /^ mhos/cm a t
25°C th ey  a re
( i ) Low S.A.R. < 1 0 (St )
( i i ) Medium S.A.R. 10 -  18 (S2)
( i i i ) High S.A.R. 1 8 - 2 6 (S3)
( iv ) Very h igh  S.A.R. 26 (S4)
These S.A.R. v a lu es  a re  in v e rs a l ly p ro p o r tio n a l to  th e
e l e c t r i c a l  co n d u c tiv ity  v a lu e s .
3 Boron has been considered  a s a  v e ry  to x ic  element
p la n ts  a t  low c o n ce n tra tio n . The p e rm iss ib le  le v e ls  fo r  
sev e ra l c la s s e s  o f  i r r ig a t io n  w aters  a re  ta b u la te d  in  
Table ( 1 .1 ) f (S c o f ie ld  1936).
64 The h ica rb o n a te  hazard  i s  expressed  in  term s o f  th e  
re s id u a l  sodium carbonate -  R .S.C . =
(C0= + HCO~3) -  (C a * *  + Mgi+ ) (Eaton 1950)
The b ica rb o n a te  ten d s  to  p re c ip i ta te  calcium  and magnesium, 
so th e  r e la t iv e  p ro p o rtio n  o f  sodium rem aining in  th e  w ater 
i s  in c reased  and th e  sodium hazard  i s  a lso  in c re a se d .
/'
71.2  The e f fe c t  o f  s a l t s  on p lan t growth
P la n t growth responses to  s a l i n i t y  have been d iscu ssed  ( Hayward 
and W adleigh 1949 $ G r i l lo t  1 9 5 Ber ns t e i n  and Hayward 
'1 9 5 8 ) ,
S a l ts  a f f e c t  p la n t growth by
1 In c re a s in g  th e  osm otic p re ssu re  o f s o i l  so lu tio n
2 Accumulation o f  c e r ta in  ions in  to x ic  c o n cen tra tio n s  
in  p la n t t i s s u e
3 A lte r in g  th e  p la n t m inera l n u t r i t io n
1 Growth red u c tio n s  a s s o c ia te d  w ith  in c re a s in g  osm otic 
p re ssu re  o f th e  ro o t medium has been a t t r ib u te d  to  d ecreasin g  
w ater e n try  o r a v a i l a b i l i t y  (Hayward and Spurr 1943 and 1944)*
The valency  and amount o f s a l t s  p re sen t such a s  NaCl, Na^SO^f 
KClf KgSO^, MgCl2 , MgSO^, CaCl2 and CaSO  ^ c o n tro l th e  osm otic 
p re ssu re  o f s o i l  so lu tio n  which in  tu rn  a f f e c t s  th e  
p h y s io lo g ic a l a v a i l a b i l i ty  o f  w ater (E aton  1941 and Long 1943)*
However, B ern ste in  (19^1) in d ic a te s  th a t  w ater ab so rp tio n  
c a p a c ity  which i s  r e la t iv e ly  u n a ffec ted  by s a l i n i t y  and growth 
re d u c tio n  a s so c ia te d  w ith  osm otic s t r e s s ,  i s  a t t r ib u te d  to  
th e  b u ild  up o f  osm otic p re ssu re  o f  developing  c e l l s  to  meet 
th e  in c re a s in g  osm otic p re ssu re  o f  th e  ro o tin g  medium.
2; C e r ta in  io n s  can dep ress  p lan t growth and y ie ld  
independent o f osm otic e f f e c t s .  These s p e c if ic  ion  e f f e c t s
8may be to x ic (o r  b e n e f ic ia l ) in  n a tu re . The to x ic  e f fe c t  
r e s u l t s  in  d i r e c t  damage to  th e  p la n ts .  In ju ry  i s  u s u a lly  
a sso c ia te d  w ith  th e  accum ulation o f  harm ful co n cen tra tio n s  
o f  th e  to x ic  ions in  th e  p la n t t i s s u e s .
3 S a l in i ty  may reduce p la n t growth because o f  i t s  e f fe c t  
on p la n t n u t r i t io n .  This e f fe c t  however d i f f e r s  from sp ec ie s  
to  sp ec ie s  a s  p la n ts  vary  w idely  in  t h e i r  n u tr ie n t  requ irem ents 
and in  t h e i r  a b i l i t y  to  absorb s p e c if ic  n u t r i e n t s .  Hayward 
and W adleigh (1949) re p o rte d  th a t  h igh  co n cen tra tio n s  o f 
su lp h a te  g e n e ra lly  decrease  th e  up take  o f  th e  calcium  w hile 
prom oting th e  uptake o f  sodium.
P la n ts  however have d i f f e r e n t  to le ra n c e s  fo r  s o i l  s a l i n i t y .
T his i s  shown in  Table ( 1 ,6 ) t (A lliso n  19^4)•
/'
91.3 S o il rec lam ation
S a lin e  s o i l s  continue to  be a problem u n t i l  th e  excess o f bo th  
s a l t s  and exchangeable sodium a re  removed from th e  ro o t zone, 
and a  favourab le  p h y sica l co n d itio n  in  th e  s o i l  i s  e s ta b lis h e d !
The amount and kind  o f  chemical amendment used fo r  replacem ent 
o f  exchangeable sodium in  s o i l s  depends upon th e  s o i l  
c h a r a c te r i s t i c s .
The chem ical re a c tio n  o f  v a rio u s  amendments w ith  s o i l s  a re  
a s  fo llow s (U .S. S a l in i ty  L abora tory  S ta f f  1954)
1 In  presence o f carbonate
a) Gypsum
Na
Na +
b) Sulphur
2S + 30g—* 2S0^ o x id a tio n  by m icro-organism
so 3 + h2o h2so4
H2S°4  + CaC03  *  CaSO^ + C02 + HgO
o r  HgSO^ + 2CaC03  CaSO^ + Ca (HC03) 2
4
s
c) I ro n  su lphat e
PeS04 + H20
H2S04 + CaCO
H2S04 + FeO
CaSO - + CO. + Ho04 2 2
+ CaSO
10
In  th e  absence o f  carbonate
a ) Gypsum
Nac lay  | + CaSO^ clayj Ca + Na^SO^
b) Sulphur
2S + 30,
SO^ + h2o
2S0.
H2S04
o x id a tio n
l a y j
Nae l / ™  + H,,S04
c) I ro n  su lp h a te
Hc lay  | “  + Na2S04
PeS04 + H20 HoS0. + PeO— 2 4
iy] Nac la y  + H2S04 0 Hclay  I H + Na2S04
As mentioned p rev io u s ly  th e  k ind  and amount o f  chemical 
amendment fo r  s o i l  rec lam atio n  i s  dependent on many fa c to r s  
such a s ,  th e  s o i l  pH and i t s  a lk a l i  e a r th  carbonate  content 
a s  w ell a s  t h e i r  r e a c t io n s .
The a d d itio n  o f  a c id  o r a c id  form ers have been used under 
a lk a l i  co n d itio n s  to  reduce th e  a lk a l in i t y .
Under a c id  c o n d itio n s , o r  when th e  amendment makes th e  co n d itio n s  
e x ce ss iv e ly  a c id , lim estone must be added to  r e s t r i c t  th e  
a c id i ty  such a s  in  Hungary. These ac id  s o i l s  have sp e c ia l 
c h a r a c te r i s t i c s ;  th e y  co n ta in  bo th  excess exchangeable sodium 
and ap p rec iab le  amounts o f exchangeable hydrogen io n s .
11
Two p o s s i b i l i t i e s  e x is t  w ith  regard, to  th e  re a c tio n  o f  lim estone 
(CaCO^) (Kelley and Brown 1934)* These are as follows
1 b la y j ^  + CaCO  ^ ^  c lay  Ca + Na^GO^
2 c la y j ^  + HOH c la y j  ® + 2NaOH
an excess o f exchangeable hydrogen,
clayj g + CaCO^ clayj Ca + C02 + HgO
G en era lly  Na^CO^ was not s t i l l  in  th e  s o i l  a s  a  s a l t
b u t a s  NaHCOy CO^ and OH •
The e f fe c t  o f  lim e on d i f f e r e n t  s o i l s  i s  r e la te d  to  th e  e f fe c t  
o f  th e  s o lu b i l i ty  o f CaCO^ which i s  c o n tro lle d  by th e  pH value 
(Sigmond 1938), as fo llow s
£SL va lu e  o f s a tu ra te d  CaCO-. S o lu b i l i ty  o f  CaCO-, in  mecrA
6.21 ’ |  19 .3
.6 ,5  CaCO  ^ was more 14*4
0 e f f e c t iv e  in
rec lam atio n
4
7 .85  ^  2.7
8 ,6  CaCO  ^ was le s s  1,1
9 .2  e ffe c t iv e  in  0.82
/  W w a a  l nm «s  t i  n nrec la a tio n  
10.12  I  '  0 .3
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1*4 P h y s ica l p ro p e r t ie s  o f s o i l
P h y sica l p ro p e r t ie s  o f th e  s o i l  depend on th e  s o i l  
s t ru c tu re .  I t  was concluded th a t  th e  s o i l  s t ru c tu re  i s  th e  
arrangem ent o f th e  s o i l  p a r t i c le s  and th e  pore space between 
them. (R u sse ll 1971).
The o rg an ic  f r a c t io n  has a  marked e f f e c t  on*the p h y s ica l and 
chemical p ro p e r t ie s  o f th e  s o i l .  I t s  e f fe c t  is . eq u a lly  
d e s ira b le  on heavy and on l ig h t  s o i l .  Thus th e  ag g reg a tes  
a re  formed from f in e  te x tu re d  s o i l s  co n ta in in g  h igh  percen tages 
o f  s i l t  and c lay .
S a lts  a f f e c t  s o i l  s tru c tu re  by t h e i r  e f f e c t s  on f lo c c u la t io n  
and d isp e rs io n  o f  s o i l  p a r t i c l e s .  These two phenomena 
depend alm ost e x c lu s iv e ly  on th e  co n cen tra tio n  and valency  
o f  th e se  s a l t s .  The th re sh o ld s  f o r  f lo c c u la t io n  f a l l  in  th e  
ra n g e s :-  (Van Olphen 19^3)
25 -  150 m m ole/l monovalent ions
0 .50  -  2 .0  ” d iv a le n t ions
0.01 -  0.1 ” t r i v a le n t  ions
When th e  s o i l  p a r t i c le s  a re  d isp e rse d  th e  s t ru c tu re  i s  damaged 
and th e  s o i l  becomes unfavourable fo r  th e  e n try  and movement
S
o f  w ater (p e rm e a b ility ).
The t i l l a g e  o f such s o i l  becomes very  d i f f i c u l t  due to  th e  
a l t e r a t io n  in  s o i l  consistency  ( Baver 195^)•
/
e
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1*5 Purpose o f t h i s  study
This study was c a r r ie d  out in  o rd er to  ev a lu a te  th e  e f fe c t  o f 
s a l t s  on th e  s o lu b i l i ty  o f  ions in  th e  so il*
The s o i l s  used  in  t h i s  study  were tak en  from H iggins Neuck on 
th e  south  bank o f  th e  F o rth  e s tu a ry  a t  K incard ine Road b rid g e .
The F o rth  a re a  was se le c te d  in  t h i s  study  because o f  i t s  s o i l  
p ro p e r t ie s ,  which were considered  to  be more o r le s s  s a l in e .
The F o rth  s o i l s  a re  flooded by e s tu a r in e  w a te r .
S a lin e  s o i l s  a re  not u s u a lly  found in  humid reg io n s except around 
e s tu a r ie s  when th e  land  has been flooded by e s tu a rin e  w aters 
o r  on o th e r  low ly in g  land  n ear th e  sea .
The H iggins Neuck s o i l s  do perhaps resem ble one type o f  Ira q i
s o i l  (Hydomorphic S o il)  (B uringh 1960» Buringh and Kadry 195^)
which i s  e i th e r  w aterlogged o r has a h igh  ground w ater ta b le
arid . i s  c h a ra c te r is e d  by a  grey co lour o r iro n  m ottled  s ta in s .
T his i s  found in  com bination w ith  o th e r  s o i l s  in  th e  marsh
reg io n s in  th e  south o f Iraq , p h y s io lo g ic a l and c l im a to lo g ic a l
p ro p ertie s  of Iraq i s o i l s  are shown in  the map, F ig  ( i ) .
Most s o i l s  in  mid and southern  I ra q  a re  s a l in e ,  as shown in  th e
map ( F ig .  I I )  and two ty p es  a re  common, sh u ria  ( th e  dominant
s a l t s  a re  NaCl and Na^SO^), and Subakh ( th e  dominant s a l t s  a re
CaCl2 and MgC^) (Al-Nakshabandi a t ad. T971) •
In  a d d itio n  most I r a q i  s o i l s  have a  h igh  amount o f  gypsum as  
shown in  th e  map (F ig . I I I ) .
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Soluble s a l t  le v e ls  a re  u s u a lly  reduced by d is s o lu t io n  and 
tr a n s p o r ta t io n  by downward movement o f  w ater th rough th e  s o i l  
( le a c h in g ) . Thus th e  so lu b le  s a l t  con ten t o f  i r r ig a t io n  w ater 
i s  an  im portan t fa c to r  in  th e  concept o f  s o i l  improvement.
The q u a n tity  and q u a li ty  o f  so lu b le  s a l t s  in  I r a q i  r iv e r s  
(T ig r is ,  E u p h ra tes , S ha tt Al-ARAB and D iyala) have been 
in v e s t ig a te d  (Hanna et a l  1970), as shown in  Tables ( 1 .2 ) ,  (1 .3 ) 
and ( 1 .4 ) .  Samples were tak en  from 25 p la ce s  a s  shown in  th e  
map, (P ig .  TV). I t  can be concluded from th e se  T ables th a t  
h igh  c o n ce n tra tio n s  of sodium ions in c re a se  th e  a b i l i t y  o f  
w ater to  d is so lv e  more calcium  and magnesium a s  carbonate  
which in c re a se s  th e  tem porary hardness (C0^ and HCO  ^ expressed  
a s  CaCO^) and t o t a l  hardness (Ca + Mg expressed  a s  CaCO^).
By i r r ig a t io n  w ith  hard w ater th e  co n cen tra tio n  o f  calcium  and 
magnesium carbonate  w il l  be in c reased  in  th e  s o i l ,  due to  th e  
e v a p o tra n sp ira tio n . This w il l  in c re a se  th e  a lk a l in i ty  o f  th e  
s o i l  and decrease  th e  a b i l i t y  o f w ater to  p e n e tra te  th rough 
th e  s o i l  (impermeable) due to  c logging  o f  th e  s o i l  po res  by 
CaCO  ^ and MgCOy
/i
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CHAPTER T O :
The experim ental work was carried , out to  in v e s t ig a te  th e  
c h a r a c te r i s t ic s  o f th e  s o i l  sam ples, which were used  in  t h i s  
s tudy .
CHAPTER THREE:
This s tudy  was undertaken  to  in c re ase  th e  und ers tan d in g  o f  th e  
s o lu b i l i ty  o f  e s s e n t ia l  ions f o r  p la n t growth in  s a l in e  s o i l s  
such a s  phosphate . The dependence o f  some o f  th e  r e s u l t s  on 
th e  co n ce n tra tio n  o f s a l t  added could be exp lained  by th e  
Donnan eq u ilib riu m  th eo ry .
CHAPTER FOUR:
The e f f e c t  o f  s a l t s  on ca lca reo u s s o i l  was s tu d ie d . To sim ula te  
ca lca reo u s so ils,pow dered  CaCO  ^ was added to  s o i l  sam ples.
The h ig h e r m o b ility  o f CaCO  ^ under s a l in e  co n d itio n s  may g ive 
r i s e  to  problems i f  i t  i s  r e p re c ip i ta te d .
CHAPTER FIVE;
Experim ents were performed on th e  s o lu b i l i ty  o f  n a tiv e  c a tio n s  
in  th e  s o i l  by displacem ent by added s a l t s .  This study was 
undertaken  to  f in d  out th e  r e la t io n s h ip  between th e  degree
s
o f  ion  displacem ent and th e  co n cen tra tio n s  o f  added s a l t ,  in  
a d d it io n  to  s tudy ing  th e  d iffe ren c e  in  th e  in flu en ce  o f  
u n iv a le n t and d iv a le n t ions over two co n cen tra tio n  ranges 
(low and h igh  c o n c e n tra tio n ) .
f
©
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The displacem ent o f  d i f f e r e n t  c a tio n s  from th e  s o i l  should show 
th e  im portance o f co n sid erin g  th e  in te r a c t io n s  which occur in  
th e  s o i l  when choosing th e  com position and le v e l  o f  f e r t i l i z e r  
f o r  a p a r t ic u la r  so il*
Appendix 1
i
C o n d uctiv ity  measurements were made to  e s tim ate  q u a l i ta t iv e ly  
th e  f r a c t io n  o f  s a l t  ionized* The a d d itio n  o f  monovalent and 
d iv a le n t s a l t  to  in c re ase  th e  c o n d u c tiv ity  and to  f in d  out 
which one has th e  most im portant a f f e c t  on s o i l  s a l i n i t y  
was a lso  included*
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Table (1 .6 )
to  decreasin g  to le ra n c e  w ith in  g ro u p s f n n ison 1964)
| Crop T o leran t M oderately T o leran t S e n s itiv e
j
F ie ld  12—8 mmho/cm 8—4 mmho/cm 3—2 mmhp/cm
B arley Bye Broadbean F ie ld  beans
Sugar b e e t Wheat Cora i
Rape Oats Rice I|
Cotton Sorghum Flax j
Sorgo Sunflower )i
Soybeans Castorbean |t
Sesbania 1}
5a s tu re  8—5 mmho/cm 5—3 mmho/cm 3—2 mmho/cm
Garden b e e ts Tomato Yam Radish
Kale - B rocco li B e ll pepper Celery-
Asparagus Cabbage C arro t Green beans
Spinach C auliflow er Onion i
L ettuce Peas 1
i Sweet com Cantaloupe
P o ta toes Squash i
Sweet p o ta to Cucumber j
Forage 12—6 mmho/cm 6—3 mmho/cm 3—2 mmho/cm
S a ltg ra s s Sw eetclover Oats (hay) White dutch
Bermudagrass P eren n ia l rye­ O rchardgrass c lo v er
T a ll w heatgrass g ra ss Blue grama Meadow f o x ta i l
Rhodesgrass Mountain brome Meadow fescue A lsike  c lo v er
Canada w ild iy  e Harding g ra ss Reed canary Red c lo v e r
Western wheat g rass B eard less Big t r e f o i l Ladino c lo v er
T a ll fescue w ildrye Smooth brome Burnet
B arley  (hay) Straw berry T a ll meadow |
B ird sfo o t t r e f o i l c lo v er o a t g ra ss
B a llisg ra s s M ilkvetch i
Sudangrass Sourclover !
Hub am c lo v er i
A lfa lfa
Itye (hay) i
Wheat (hay)
F r u i t  8 mmho/cm 6—3 mmho/cm 3—1.5 mmho/cm
Date palm Pomegranate Orange Peach
Fig G rap efru it A pricot
O live Lemon Boysenb.erries
Grape Apple B lack b e rrie s
Pear R aspberries
Plum Avocado
Prune Straw berry
Almond
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i----- S O U T H E R N  D E S E R T
P ig . I  * Map o f physiograph ic  u n i t s  o f Iraq
Scale  1: 1 OOO OOO
- . \
Buringh ( i 960)
I
/
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m
C7tt)
100 km
Fig* H  Schematic map o f s a l in iz a t io n  in  s o i ls  of Iraq* 1. s o i l s  
w ithout s a l in iz a t io n ;  2. d e se r ts  and s o i l s  w ith  some 
s a l in iz a t io n  lo c a l ly ;  3. s o i l s  w ith  moderate s a l in iz a t io n ;
4* s o i l s  w ith  severe  s a l in iz a t io n ;  5* (and b lack  d o ts) s o i l s  
w ith  s a l in iz a t io n  and so lo n iz a tio n . (9 .9 ) -a r e a  in  1000 km , 
S o lo d iza tio n  p rocesses have only been n o ticed  in  some sm all 
a reas  ca T ig r is  te r ra c e s  e a s t o f . Samarra.
. j
Scale 1s 1 000 000,
Buringh (19^0)
25
f
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fH g  PRIMARY GYPSUM
m PRIMARY GYPSUM MIXED WITH L IW ESTO N E"\ 
r r t ]  SECONDARY GYPSUM
n o n - g y p s if e r o u s . m a in l y  l im e s t o n e
SG
Fig. I 'l l  Crypsum map o f Iraq  (d a ta  from v a rio u s
sources and own observations).*
S cale  1: 1 OOO 000 
Buringh ( i 960)
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mill*
S^ D >  \
Map o f Iraq  showing w ater sam pling s i t e s  
Scale  1: 1 000 000
Hanna e t a l  (1970) /;
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CHAPTER TVIO 
LABORATORY METHODS AND INVESTIGATION
2.1 S o il chemical methods
2 .1 .1  P rep a ra tio n  o f  th e  samples:
The samples were c o lle c te d  a t  H iggins Neuck on th e  F o rth  e s tu a ry  
from th re e  d i f f e r e n t  s i t e s
(D  R iver F o r th , P i t  No ( l )  b esid e  th e  r i v e r # Two samples were 
ta k en , one from th e  to p  s o i l  and one from th e  sub s o i l  (12 inch  
depth) •
(2) R iver F o rth , P i t  No ( 2) about 40 yards from th e  r iv e r .  
Samples were tak en  from th e  to p  s o i l  and sub s o i l  (12 inch  d e p th ).
( 3) R iver F o rth , P i t  No ( 3) about 150 yards from th e  r iv e r  on 
a ra b le  land  above th e  flo o d  plane le v e l .  Samples were tak en  
from th e  to p  s o i l  and from th e  sub s o i l  ( a t  a  dep th  o f  only
6 in ch es , because o f th e  stoney n a tu re  o f th e  s o i l ) .
The c h a r a c te r i s t ic s  o f th e  s o i l s  were
F o rth  P i t  (1) H eavily  m o ttled  c lay  s o i l  (g leyed  s o i l )
s
F o rth  P i t  (2) Muck s o i l
F o r th  P i t  (3) Brown e a r th
The s o i l  samples were taken  from th e  f i e ld  in  J u ly  1972. Then
th e  samples were sieved  wet through a  2 mm B .S .S . s iev e  and a i r -
28
d r ie d  in  th e  oven a t  32°C*
2*1*2 D eterm ination  o f m oistu re  con ten t:
The m oistu re  con ten t was determ ined acco rd ing  to  th e  methods o f  
a n a ly s is  o f  th e  A sso c ia tio n  o f  O f f ic ia l  A g r ic u ltu ra l Chem ists 
(1955).
2*1*3 Loss on ig n itio n :
Loss on ig n i t io n  was determ ined by ig n i t in g  th e  s o i l  a t  700°C
f o r  30 min*, accord ing  to  th e  methods o f a n a ly s is  o f  th e  A sso c ia tio n
o f  O f f ic ia l  A g ric u ltu ra l Chem ists(1955)•
2*1*4 W ater s a tu ra t io n  percen tage:
! W ater s a tu ra t io n  percen tage was determ ined acco rd ing  to  H esse ,
(1971).
2*1*5 D eterm ination  o f pH:
pH was determ ined accord ing  to  Hesse (1971) •
2.1*6 Sodium f lu o r id e  t e s t :
The sodium f lu o r id e  t e s t  was c a r r ie d  out accord ing  to  P ie ld e s  
and P e rro t ( 1966) .
2*1*7 D eterm ination  o f  so lu b le  s a l t s  by s a tu ra t io n  p a s te :
The s a tu ra t io n  p a s te  was c a r r ie d  out accord ing  to  A lliso n  (19T3) •
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2*1.8 D eterm ination  o f su lp h a te  a s  barium su lp h a te :
T h is  was c a r r ie d  out acco rd ing  to  Vogel ( 1961)•
2.1*9 D eterm ination  o f  ch lo rid '6 :
C h lo ride  was determ ined acco rd ing  to  Hesse (1971)•
2 .1 .1 0  D eterm ination  o f carbonate  and b ica rb o n a te :
Carbonate and b ica rb o n a te  were determ ined acco rd ing  to  Hesse
( 1971) .
2 .1 .11  D eterm ination  o f  gypsum:
Gypsum was determ ined by p r e c ip i ta t io n  w ith  ace to n e , accord ing  
to  H esse . (1971). Three d i f f e r e n t  methods were used
( 1) E x tra c tio n  from s a tu ra t io n  s o i l  p a s te  and p r e c ip i ta t io n  
by acetone (U .S. S a l in i ty  Lab. S ta f f  (1954).
(2) E x tra c tio n  from s o i l  u s in g  a  1/20 s o il /w a te r  r a t i o  and 
p r e c ip i ta t io n  by ace to n e , Hesse (1971)•
(3) Prom th e  amount o f  calcium  ion  and su lp h a te  io n , Hesse
( 1971) .
2 .1 .1 2  D eterm ination  o f c a tio n  exchange cap a c ity  and 
exchangeable b a se s : s
C ation  exchange cap a c ity  was determ ined according  to  U .S. S a l in i ty  
Lab. S ta f f  (1954) by shaking s o i l  samples w ith  M potassium  a c e ta te  
a t,pH  7 f o r  10 min. and then  c e n tr ifu g in g  u n t i l  c le a r  and th e  
su p ern a tan t d isca rd ed . These s te p s  were rep ea ted  th re e  tim es,
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th en  th e  s o i l  sample was shaken w ith  90^  e thano l th re e  tim es 
and th e  su p ern a tan t d isca rd ed  as b e fo re . I t  was th en  e x tra c te d  w ith 
M ammonium a c e ta te  a t  pH 7 th re e  tim es and th e  le ac h a te  was 
c o lle c te d  and th e  volume made to  ‘100 ml.
Exchangeable bases  were determ ined acco rd ing  to  U#S# S a l in i ty  Lab. 
S ta f f  (1954) toy e x tra c tio n  w ith  M ammonium a c e ta te  a t  pH 7*
The in d iv id u a l elem ents were determ ined a s  fo llow s
( 1) Calcium and magnesium by atom ic ab so rp tio n  spectrophotom etry  
(Unican SP90) •
(2) Sodium and potassium  were measured by th e  E*E.L. flame 
photometer*
2*1*12*1 S tandard curves
S tandard  curves were p repared  f o r  Kf Naf Ca and Mg covering  
th e  range fo r  sodium and potassium  from 1 ppm to  10 ppm 
w hile  f o r  calcium  th e  range was from 5 ppm to  20 ppm 
and fo r  magnesium the  range was from 0*5 PP® t o '2  ppm*
5% La was used fo r  calcium  and magnesium to  p reven t in te r fe re n c e  
from pho sphat e •
2*1*13 O rganic m a tte r: s
O rganic carbon was determ ined by th e  wet o x id a tio n  method 
(W alkley 1947).
/
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2 .1 ,1 4  D eterm ination  o f lim e:
CaCO  ^ was determ ined by t i t r a t i o n  w ith 1 M NaOH a f t e r  
a c id ify in g  w ith  1 M HC1 and b o i l in g  accord ing  to  Jackson 
(196.2).
/
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2#2 P h y sica l methods
2*2*1 Mechanical a n a ly s is  ( p a r t ic le  s iz e  d i s t r ib u t io n ) :
Samples were d isp e rsed  by u l t r a s o n ic  trea tm en t fo r  20 mint, 
a f t e r  o x id is in g  th e  o rgan ic  m a tte r  w ith  30$ HgOg* The p ip e t te  
method recommended by Edwards and Bremner (19^7) was used f o r  
t h i s  d e te rm in a tio n .
2.2*2 F lo c c u la tio n  and d isp e rs io n  experim ent:
According to  Van Olphan (19^3), 1.0 gm o f  a i r  d ry  s o i l  sample 
was weighed and put in to  a  100 ml cylinder,* Then 100 ml from 
a  s e r ie s  o f  co n cen tra tio n s  o f  s a l t s ,  such a s  NaCl, Na^SO^, 
CaCl2 , CaSO^, KC1, K^SO^, MgCl^ and MgSO  ^ were added and th e  
suspension observed a t  in te rv a ls*  This experiment was rep ea ted  
w ith  HC1, NaOH and CaCO  ^ a t  0.1 N c o n ce n tra tio n .
2.2*3 P e rm eab ility  measurements:
F a l l in g  head permeameter was co n stru c ted  accord ing  to  Jum ikis 
( 1962) a s  shown in  th e  diagram on page 60 • The p e rm eab ility
c o e f f ic ie n t  was c a lc u la te d  acco rd ing  to  th e  same A uthor.
2 .2 .4  M inera log ica l a n a ly s is  (o p tic a l  exam ination):
F ra c tio n s  o f bo th  coarse and f in e  sand were tak en  from each 
s o i l  and th e  g ra in s  examined under a s te reo sco p ic  m icroscope.
2 .2 .5  Clay f r a c t io n  (X-ray a n a ly s is ) :
Powder X -ray d iff ra c to m e try  was used to  d is t in g u is h  th e
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d i f f e r e n t  c la y s , Brown (19^1)•
The Pink A*S*T.M. index was used  in  th e  id e n t i f i c a t io n  o f  
th e  m inerals*
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2*3 Methods o f  p la n t a n a ly s is  
2.3*1 P re p a ra tio n  o f  p la n t samples:
I
P la n t samples were taken  from th e  s o i l  s i t e s .  These were 
exposed s e p a ra te ly  fo r  fo u r days in  th e  la b o ra to ry  to  d ry , 
th en  th e  samples were cut up and ground down to  a  f in e  powder.
2.3*2 M oisture con ten t:
M oisture con ten t was determ ined accord ing  to  P ip e r ( 1950) .
2.3*3 T o ta l ash :
P la n t samples were heated , over a  bunsen in  a  fume cupboard 
u n t i l  they  ceased smoking. The re s id u e  was t r a n s fe r r e d  to  a 
fu rn ace  a t  450°C and h e a tin g  continued  fo r  s ix te e n  hours 
accord ing  to  P ip e r( l9 5 0 ).
2.3*4 D eterm ination  o f  s i l i c a  in  p la n ts :
N i t r i c  a c id  was used to  d is so lv e  th e  a sh , and a f t e r  f i l t e r i n g  
made up to  volume (250 ml).K , Na , P , Mg and Ca were determ ined 
in  t h i s  s o lu tio n . Phosphorus con ten t was determ ined by th e  
King’ s method (1932). K and Na were determ ined by flame 
photom etry, and Mg was determ ined by atom ic a b so rp tio n  
spectrophotom etry  (SP90).
2.3*5 D eterm ination  o f  calcium :
Calcium was p re c ip i ta te d  as calcium  o x a la te  and th e  o x a la te  
t i t r a t e d  w ith  perm anganate, P ip e r  (1950).
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2.3*6 C hlorine  in  p la n ts*
The method o f  Husband and Godden (1927) was used  fo r  ch lo rin e  
d e te rm in a tio n .
2*4 RESULTS AND DISCUSSION 
2.4*1 The p o s it io n  and lo c a tio n  o f  th e  s o i l  samples taken  
for a n a ly s is  were d esc rib ed  in  C hapter Two, S ec tio n  2 .1 .1 .
These samples had been flooded by e s tu a r in e  w a te r .
2.4*2 P h y sica l p ro p e r t ie s  o f th e  s o i l  (F ie ld  o b se rv a tio n ):
The s o i l s  which were flooded by th e  r iv e r  were soggy under 
fo o t and when d r ie d  out in  th e  la b o ra to ry  th ey  cracked . This 
could be re la te d  to  a  r e l a t iv e ly  high  s a l t  c o n ten t.
Some permanent m o ttlin g  was n o ted , bo th  in  th e  to p  and sub s o i l  
sam ples. On d ry in g , th e  red  m o ttle s  became more in te n se  and th e  
grey m o ttle s  became a deeper shade o r  b la c k , which may be due 
to  o rgan ic  m a tte r , o r  perhaps to  some form o f m agnetite  o r 
.manganese, d io x id e .
2.4*3 C onsistency:
The samples which were flooded w ith  sea w a ter, i . e .  g leyed 
s o i l  sam ples, had a  s t ic k y  co n sistency  when w et, p l a s t i c  when 
m oist and firm  when d ry , w hile th e  co n sis ten cy  o f  th e  n o n -sa lin e  
s o i l  (brown e a r th  s o i l  sample) was f r i a b l e .
2.4*4 F lo c c u la tio n  and d isp e rs io n :
These phenomena were s tu d ied  by adding d i f f e r e n t  c o n cen tra tio n s  
o f  s a l t s  to  th e  s o i l  and observ ing  th e  r a te  o f  p r e c ip i ta t io n .
I t  was c le a r  th a t  in  th e  case o f  th e  brown e a r th ,  which had a
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low i n i t i a l  monovalent s a l t  c o n cen tra tio n , co agu la tion  took 
p lace  on th e  a d d itio n  o f  1-5 m e q / lo f  d iv a le n t c a tio n s , whereas 
f lo c c u la t io n  d id  not occur w ith  o th e r  s o i l s  which had h ig h e r 
i n i t i a l  monovalent s a l t  c o n ce n tra tio n s , u n t i l  a  co n cen tra tio n  
o f  40 m ea/l o f d iv a le n t c a tio n  had been added. This d if fe re n c e  
in  th e  th re sh o ld  l im i t  fo r  f lo c c u la t io n  was due to  th e  s a lin e  
n a tu re  o f  th e  muck and gleyed s o i l s ,  which were d isp e rse d  by 
th e  monovalent c a tio n s .
With in c reased  s a l t  co n cen tra tio n  th e  suspension
c lea red  more q u ick ly , but w ith  d i lu te d  s a l t s  more tim e was re q u ire d  fo r  
f lo c c u la t io n .
When KaOH was added to  th e  s o i l  th e  p a r t i c l e s  were d isp e rse d .
However, w ith  th e  a d d itio n  o f EC1 and CaCO  ^ th e  so lu tio n  
became ’ f lo c c u la te d . The o rd e r o f  f lo c c u la t io n  was as fo llow s : -
HC1 y  CaCO  ^ y  co n tro l y  NaOH
When th e se  e f f e c ts  occur th e  n e t r e s u l t s ,a s  rev ea led  by 
m echanical a n a ly s is , a re  h igh  f ig u re s  fo r  s i l t  and low f ig u re s  
fo r  c lay . This i s  r e la te d  to  th e  agg regates o f  c lay  which 
have been f ra c t io n a te d  a s  s i l t .
C o llo id a l substances such a s  s i l i c a  and humus which occur 
in  th e  s o i l s  a re  p re c ip i ta te d  from t h e i r  so lu tio n  o r  so ls  by 
calcium and o th e r  a lk a l in e  e a r th  compounds, when th e  medium 
i s  a lk a l in e ,  bu t not when th e  medium i s  n e u tra l  o r  a c id .
2.4*5 O p tica l exam ination: 58
The g ra in s  o f  s o i l  were examined; th e  l ig h t  m a te ria l was 
b e lie v e d  to  be dominated by Quartz and F e ldspar w hile th e  dark 
m in era ls  were probably  iro n  oxide o r iro n  r ic h  s i l i c a t e s .
2.4*6 P e rm eab ility :
The p e rm eab ility  o f  gleyed s o i l  a f t e r  s a tu ra t io n  was lower than  
th a t  o f  th e  brown e a r th  s o i l ,  d e sp ite  having g re a te r  amounts o f 
o rgan ic  m a tte r . This e f f e c t  was probably  due to  th e  h ig h e r 
percen tage o f  exchangeable sodium in  th e  s a lin e  s o i l s ,  which 
d isp e rsed  th e  s o i l  p a r t i c l e s ,  and allow ed th e  f in e  p a r t i c l e s  to  
c log  th e  pores between th e  la rg e r  aggregates a s  shown in  
Table (2 .2 ) .
2.4*7 f<> lo s s  o f m oistu re:
The percen tage m oistu re  lo s s  o f th e  muck and gleyed s o i l  was 
lower th an  o f  th e  brown e a r th . This may have been due to  
o x id a tio n  o f  m eta ls  in  th e  muck and gleyed s o i l  p a r t ly  
compensating fo r  th e  m oistu re  lo s s .
The percen tage lo s s  in  m oisture  in c reased  w ith  dep th  fo r  a l l  th e  
samples a s  shown in  Table ( 2 .3 ) .
2.4*8 M echanical a n a ly s is :
The p a r t i c l e  s iz e  d is t r ib u t io n  o f th e se  s o i l s  in d ic a te  a  h igh  
con ten t o f  s i l t  w ith  a  v e ry  sm all sand f r a c t io n .
The r e s u l t s  show th a t  bo th  to p  and sub so ils  o f  th e  brown e a r th  
have a  s l ig h t ly  h ig h e r percen tage o f  s i l t  and sand, and a  lower
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percen tage o f  c lay  than  gleyed. top  and sub so ils*
Brown e a r th  top  and sub s o i l s  have a  g re a te r  percen tage o f  sand 
and a  s im ila r  o r s l ig h t ly  lower percen tage o f  s i l t  and c lay  
compared to  muck s o i l .
I t  c le a r ly  appeared from th e  r e s u l t s  th a t  fo r  a l l  th e  s o i l s  
th e  c lay  con ten t in c reased  w ith  depth  as  shown in  Table (2 .1 2 ) .
The s i l t  f r a c t io n  was found to  be in v e rse ly  p ro p o r tio n a l to  
th e  c lay  content in  bo th  gleyed and brown e a r th  s o i l ,  bu t in  
muck s o i l  i t  in c reased  along w ith  th e  c lay  co n ten t.
The sand f r a c t io n  decreased  w ith  in c re a s in g  depth  except in  
brown e a r th . I t  was concluded from th e  above th a t  th e  s o i l s  
o f  th e se  samples were c h a ra c te r is e d  by a h igh  content o f  c lay  
and s i l t  and a  low sand co n ten t.
2.4*9 Clay f r a c t io n  (X-ray a n a ly s is ) :
The X -ray d i f f r a c t io n  film s in d ic a te d  th a t  in  a l l  o f  th e  F o rth  
s o i l  samples K a o lin ite  and expanding c lay  a t  14*4& were 
id e n t i f ie d .
The expanding c lay  could be c h lo r i te  o r m ontm orilIon ite  
When th e  c lay  f r a c t io n  was heated  to  550°C*the presence o f 
i l l i t e  . in  th e  s o i l  was confirm ed. I t  seemed to  be th e  
dominant c lay  m in e ra l. K a o lin ite  was id e n t i f ie d  by th e  
d isappearance o f  th e  7 * t 2. on h e a tin g  to  550°C. This suggests 
th a t  alm ost c e r ta in ly ,  th e re  was K a o lin ite  in  th e  s o i l s .
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The X -ray d i f f r a c t io n  film s  a lso  in d ic a te d  th a t  th e  3*35 A l in e
.  o
fo r  Quartz was p re sen t. The 2.56  A l in e  suggested th e  presence o f 
i l l i t e  a s  shown in  Tahle (2 .1 3 ) .
2.4*10 Samples o f  th e  s tan d in g  w ater:
Samples o f th e  s tan d in g  w ater on th e  s o i l  samples in  t h i s
a re a  were tak en  and th e  chemical com position o f  t h i s  w ater
was in v e s t ig a te d .
Sodium was th e  most abundant c a tio n , i t  was v e ry  h ig h , a s
shown in  Tahle (2*5)* I t  was 200.2 m eq/l.
C hloride was th e  predominant an io n , i t  was a lso  very  h ig h , 
a s  shown from r e s u l t s .  I t  was 120,2 m eq/l. Potassium  was 
u su a lly  th e  le a s t  abundant. D ivalen t c a tio n s  were p re sen t 
to  a  l e s s e r  . ex ten t than  sodium. Magnesium co n cen tra tio n  
was 8 .6  meq/l and 0 .8  fo r  calcium .
Magnesium was more im portant than  calcium (see  Table (2 .5 ) 
f o r  f u l l  d e t a i l s ) .  The o rd er o f  c a tio n  co n cen tra tio n  was
Na >  Mg > Ca > K
The w ater had a  h igh  s a l i n i ty  and low a lk a l in i t y .  The h igh
w ater s a l i n i t y  was due to  th e  presence o f  NaCl and MgCl2 in
s
h igh  c o n c e n tra tio n s , but th e  low a lk a l in i ty  was mqy be  due to  
th e  co n tac t w ith  th e  C02 from th e  atmosphere which could  
reduce th e  pH to  6 .8 .
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Gypsum was p resen t in  s ig n if ic a n t  amounts and th e  phosphate le v e l 
was h igh . I t  was 3*7 meqP/100 ml. This may be because o f  the  
presence o f u n tre a te d  sewage dumped in to  th e  F o rth  e s tu a ry , 
e .g .  d e te rg e n ts .
2.4*11 Chemical a n a ly s is  o f p la n ts :
The marsh p la n ts  grown on th e  muck and gleyed s o i l  con tained  sm all 
amounts o f  Ca and K but high amounts o f  Na, Mg and Cl , compared 
w ith  p la n ts  grown on th e  brown e a r th , a s  shown in  Table (2 .6 ) .
A c a lc u la tio n  o f  0 .2 $ , 0 .3$  fo r  Ca and 1 .0$, 1.3$ fo r  K! based on 
d ry  m atte r in  gleyed s o i l  and muck s o i l  re s p e c tiv e ly  was 
o b ta in ed , but con ten ts  o f 0.^$Ca and 2 .$ K  were ob tained  in  
p la n ts  grown on th e  brown e a r th .
N eg lig ib le  amounts o f Na were found in  p la n ts  grown on th e  
brown e a r th  (0.4$)» w hile s u b s ta n tia l  amounts were found in  
p la n ts  grown on marshy s o i l  (gleyed and muck s o i l )  (3*5$ an(i  
3 .7 $ ), Table (2 .6 ) .
The p la n ts  from muck and brown e a r th  s o i l s  have
approxim ately  th e  same amount o f phosphate. The p la n ts  from th ese  
s o i l s  con ta in  h ig h er amounts o f  phosphate than  th e  p la n ts  fo r  
g leyed s o i l ,  a s  shown in  Table (2 .6 ) .
v
The p la n ts  from gleyed and muck s o i l s  have 2.0$ and 7*0$ s i l i c a t e  
•in th e  d ry  m a tte r re sp e c tiv e ly ; th e  p la n ts  from brown e a r th  s o i l  
con ta in  20.0$ s i l i c a t e  in  t h e i r  d ry  m a tte r .
The p la n ts  from gleyed and brown e a r th  s o i l s  have about th e  same 
amount o f ash  b u t g re a te r  amounts than p la n ts  grown on muck s o i l .
2 .4 .1 2  Chemical p ro p e r tie s  o f s o i ls :
A number o f  chemical param eters o f  th e  s o i l  samples were
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measured a t  d i f f e r e n t  s o i l /w a te r  ra tio s *  S a tu ra ted  s o i l  p a s te ,  
1:5 and 1:10*
The d i f f e r e n t  r a t i o s  were used to  g ive  more in fo rm ation  on th e  
s a l t  con ten t o f  th e  s o i l s  and to  in v e s t ig a te  th e  e f f e c t  o f  
d i f f e r e n t  s o i l /w a te r  r a t io s  on th e  m o b iliz a tio n  o f  ions*
2*4*12.1 D eterm ination  o f  pH
The pH o f  th e  s o i l s  and e x tra c ts  in  d i f f e r e n t  s o i l /w a te r  r a t i o s  
were measured and th e  e x tra c ts  were found to  he l e s s  a c id ip  
th a n  th e  suspension* This i s  an example o f a c id  suspension 
e f fe c t  which may he exp lained  hy Donnan equ ilibrium , theory*
One ex p lan a tio n  o f t h i s  e f fe c t  has been given by M attson (1931)*
The s a lin e  s o i l s  had h ig h er pH than  th e  non s a l in e  s o i l s  a s  
shown in  Table (2*7)* This may be due to  th e  presence o r 
absence o f  C0^ which w il l  g ive g re a te r  v a r ia t io n  in  pH#
2*4*12*2 P ercen tage o rgan ic  m a tte r
The o rg an ic  con ten t o f  th e  gleyed s o i l  was h ig h e r than  th a t  
o f  th e  muck s o i l ,  and brown e a r th . In  s iev in g  th e  s o i l  th e  
ro o ts  and most o f th e  a sso c ia te d  o rg an ic  m a tte r  was removed 
from th e  muck s o i l  which exp lained  why i t  had a  low er con ten t 
o f  o rg an ic  m a tte r  th an  gleyed s o i l ,  a s  shown in  Table (2*3 ).
I t  was 9*6$ to  13*5$ o rg an ic  m a tte r  fo r  th e  g leyed s o i l ,  bu t 
i t  was 5*5$ to  8 .3 $  f o r  th e  muck s o i l  and 5*5$ to  7*6$ fo r  th e  
brown e a r th .
/
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2*4*12*3 Sodium f lu o r id e  t e s t
The change in  th e  pH o f th e  s o i l  suspension was not s ig n i f ic a n t .  
The s l ig h t  in c rease  in  th e  pH was due to  th e  f r e e  OH ions 
which a re  g rad u a lly  re le a se d  a s  th e  f lu o r id e  comes in to  co n tac t 
w ith  th e  alumina s i l ic a te *  The NaP t e s t  showed th a t  very  
l i t t l e  n o n -c ry s ta ll in e  alum ina s i l i c a t e  was p resen t*  pH v a lu es  
more th an  10*0 suggest th e  presence o f amorphous alum ina 
s i l i c a t e ,  hu t no such pH changes were no ted .
2*4*12*4 C onductiv ity
The c o n d u c tiv ity  o f  th e  s a lin e  s o i l s  was h ig h e r than  f o r  "brown 
e a r th  s o i l  sample ( c o n tro l) ,  a s  expected , w hile th e  to p  s o i l s  
had lower co n d u c tiv ity  than  sub so ils*  This may he re la te d  
to  th e  o rgan ic  m a tte r in  th e  to p  s o i l  immoholizing io n s , and 
to  th e  h ig h e r co n cen tra tio n  o f c a tio n s  in  th e  sub so il*
2*4*12*5 D eterm ination o f  so lu b le  s a l t s
The sub s o i l  was found to  have h ig h e r co n ten ts  o f so lu b le  s a l t  
than  th e  to p  s o i l .  This i s  p o ss ib ly  due to  th e  same reason  
given p rev io u s ly  which i s  r e la te d  to  th e  o rgan ic  m a tte r . In  
bo th  th e  muck and gleyed s o i l s ,  which had been flooded w ith  
sea w a te r , Na and Cl were th e  dominant io n s .
The range found was 38*3“41*7 Na/100 gm oven dry  s o i l ,
36.0 -  41.0 meq Cl/100 gra oven dry  s o i l  fo r  gleyed. s o i l ,  w hile
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th e  range was 20,4 — 20,6 meq Na /100 gm oven dry s o i l ,
23.0 — 24.0 meq Cl/100 gm oven dry s o i l  fo r  mack s o i l .
However Mg and SO  ^ were p resen t . in  lower amounts. Th.e range found
was 1 .5- 4 .0  meq Mg/100 gm oven dry  s o i l ,  1 .6 -4 .9  meq SO4/
100 gm oven dry  s o i l  fo r  gleyed s o i l ,  w hile th e  range was
1*9 -  2 .2  meq Mg /100 gm oven dry  s o i l  sample, 1.0 -  1.1
meq SO  ^ /100 gm oven dry  s o i l  sample fo r  muck s o i l ,  as
shown in  Tahle (2 .8 ) .
S im ilar amounts o f  calcium  were found in  ho th  s a l  in© and none 
s a l  in  s o i l s ,  b u t in  the  brown e a r th , Ca and Mg were th e  
predominant c a tio n s , w ith  lower amounts o f Na and X as might 
be  expected.
The f u l l  r e s u l t s  a re  shown in  Table (2 .8 ) ,  and th e  f u l l  r e s u l t s  
fo r  e x tra c ts  o f s a tu ra t io n  p a s te  a re  shown in  Table (2 .9 ) .
2 .4 .1 2 .6  D eterm ination o f e x tra c ta b le  phosphorus
The phosphate co n cen tra tio n  was 2 .6  — 4 .4  meq/l which is  
in  th e  reg io n  norm ally expected fo r  a rab le  s o i l s .  The 
e x tra c ta b le  phosphate co n cen tra tio n  was high in  a l l  th e  
s o i l s .  The general dominance of phosphate i s  more pronounced 
in  th e  top  s o i l  and decreases w ith depth in  bo th  g leyed  and
s
muck s o i l .  S im ilar r e s u l t s  were o b ta ined  w ith  th e  brown e a r th  
s o i l .
This m^y be r e la te d  to  th e  h igher s a l t  co n cen tra tio n  in  th e
©
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sub s o i l  which in c rease s  th e  r e te n tio n  o f  phosphate by th e  s o i l f 
and makes i t  in so lu b le  y a s  shown in  more d e ta i l  in  C hapter 
Three*
The f u l l  r e s u l t s  fo r  e x tra c ta b le  phosphate a re  p re sen ted  in  
Table (2*9).
2*4*12*7 D eterm ination o f exchangeable ca tionsand  C.E.C. 
and t o t a l  exchangeable bases
The s a tu ra t io n  o f  th e  c lay  w ith  Ca was h ig h e r in  th e  brown 
e a r th  th an  in  th e  s a lin e  s o i l s .  The range was 11*7-15*4 meq. Ca /  
100 gm oven dry  o f brown e a r th  s o i l  sample, but i t  was 
4*1 -  4*6 meq Ca' /100 gm oven dry  o f  muck s o i l  and 5 .6  -  5*8 
meq Ca' /100 gm oven dry gleyed s o i l  sample. Mg , Na and K 
le v e ls  were h ig h e r in  th e  sa lin e  s o i l s .
The range was 7*4~7*6 meq 10*5-11 *4 meq. Na and 2*5-2*7 
meq K/100 gm oven dry fo r  muck s o i l ,  w hile th e  range in  gleyed 
s o i l  was 11.6 -  12.0 meq Mg , 9*2 -  11*9 meq Na and 2*5 -  4*3 
meq K/100 gm oven dry  s o i l .
I n  brown e a r th  s o i l  sample th e  range was 3*1 -  3*3 Mg ,
0 .4  -  0 .4  Na and 1.5 -  1*6 meq K/100 gm oven dry s o i l  sample.
The h ig h e r s a tu ra tio n  o f  th e  c lay  w ith  Ca in  th e  brown s o i l
V
when measured by e x tra c tio n  w ith ammonium a c e ta te  may be r e la te d  
to  th e  lim in g  o f  th e  s o i l .  The c a tio n  exchange c ap a c ity  o f  th e  
g leyed s o i l  samples was h igher than  fo r  th e  o th e r  two.
I t  was 28.8 -  30.0 meq cation /100  gm oven d ry  s o i l  fo r  brown
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e a r th ,  28.0 — 28*1 meq cation /100  gm oven d ry  s o i l  fo r  rauck 
s o i l  and 34*8 -  40*8 meq cation /100  gm fo r  g leyed  s o i l ,  a s  
shown in  Table (2*10).
The t o t a l  exchangeable bases fo r  th e  s a lin e  s o i l s  were 
h ig h e r than  fo r  th e  brown e a r th  s o i l .
2.4*12.8 The exchangeable sodium percen tage
The exchangeable sodium percentage was h ig h e r in  th e  s a lin e  
s o i l s ,  a s  was th e  so lub le  sodium percen tag e , a s  shown in  
Table (2 .1 0 ) .
2.4*12.9  D eterm ination o f $  lim e
The percen tage lim e content o f  th e  sub s o i l  was found to  be 
h ig h e r than  to p  s o i l  and i t  was h ig h e r in  th e  brown e a r th  than  
in  s a lin e  s o i l ,  a s  shown in  Table (2 .1 1 ) . T his may be r e la te d  
to  th e  lim ing  o f  th e  s o i l .
2.4*12.10 Gypsum
The a v a ila b le  d a ta , Table (2 .4 ) in d ic a te s  t h a t  th e  gypsum 
conten t u su a lly  in c reased  w ith  depth and th a t  h ig h e r v a lu es  
were g e n e ra lly  found c lose  to  th e  r iv e r .
The amount o f  gypsum lib e ra te d  was le s s  a t  h igh  d i lu t io n  than  
from th e  s a tu ra tio n  p a s te . This was p o ss ib ly  because th e  shaking 
tim e o f  30 min;# used a t  high d i lu t io n  was in s u f f ic ie n t  fo r  
eq u ilib riu m  to  be reached between soil-^bound and d is so lv e d  
gypsum, d e sp ite  th e  g re a te r  w a te r /s o i l  r a t i o .
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The amounts o f gypsum p resen t in  th e  brown e a r th  s o i l  were 
low, w ith  th e  exception  o f  brown e a r th  sub s o i l  in  1:5 s o i l /  
w ater r a t i o .  I t  was 1*3 meq/L. T his could be due to  
f e r t i l i z e r  tre a tm e n ts .
G en era lly , w ith  th e  exception  o f muck sub s o i l  (0.1 m eq/l) 
and gleyed to p  s o i l  (0 .2  meq/L), gypsum le v e ls  were h ig h  in  
gleyed and muck s o i l s  fo r  b o th  to p  and sub s o i l  sam ples.
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Table (2.1)
S o lu b i l i ty  o f s a l t  in  d i s t i l l e d  w ater 
Hodgman e t  a l  ( i 960)
C ation
gra/100 ml o f w ater
Cl SO. CO,
  2_______
Cold. Hot Cold Hot Cold Hot
Na 35.7 39.12 4.76 42.7 7.1
K 34.7 56.7 6.85  24.1 0.11
Ca 59.5 15.9 0.241 0.222 0.0014 0.0018
Mg 54.25 72.7 26.0  73 .8  0.011
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Table ( 2 , A)
D eterm ination  o f Gypsum (H esse 1971)
meq/l
T o ta l gypsum 
1:20
T o ta l gypsum 
in  s a t .  p a s te
Gleyed top  s o i l 0.8 0.2
Gleyed sub s o i l 0 .9 2.1
Muck to p  s o i l 0.7 1.1
Muck sub s o i l 0.1 1.2
Brown e a r th  to p  s o i l 0.2 0.1
Brown e a r th  sub s o i l 1.3 0.1
/
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Table (2.11V
jo Lime CaCO  ^ Jackson (1962)-
$  Lime
Gleyed. to p  s o i l 1.6
Gleyed sub s o i l 2.8
Muck to p  s o i l 2.6
Muck sub s o i l 2.6
Brown e a r th  to p  s o i l 3 .3
Brown e a r th  sub s o i l 3 .8
//
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Table (2.12^
M echanical a n a ly s is  s o i l  sep a ra tio n  f r a c t io n  by 
p ip e t te  method
Sand jo Clay jo S i l t  Texture c la s se s
Gleyed to p  s o i l  2 ,0  .41*3 5^*9 S i l ty  c lay  loam
Gleyed sub s o i l  0*6 46*3 52.1 S i l ty  c lay
Muck to p  s o i l 6.1 29*3 64.6  S i l ty  c lay  loam
Muck sub s o i l 4*3 32.3 67.7  S i l ty  c lay  loam
Brown e a r th  to p  7«2 28.2 64.6  S i l ty  c lay  loam
s o i l
Brown e a r th  sub 
s o i l
8 .6  32.7 58*8 S i l t y  c lay  loam
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FALLING HEAD PERMEAMETER
Scale
Thermometer
Porous
s to n e
w ater c o n ta in er
LEGENDmrnmmmmmmmm
Ko = The le v e l  of w ater a t th e  beginning o f th e  t e s t
h . = The le v e l  o f w ater a t  th e  end o f th e  t e s t
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CHAPTER THREE 
PHOSPHATE 
3*1 imoDUCTioiT
3*1*1 O rig in  o f  phosphate:
The n a tiv e  phosphate in  s o i l  i s  e i th e r  o rgan ic  o r inorganic*
The o rgan ic  f r a c t io n  c o n s ti tu te s  20 -  80$ o f  t o t a l  s o i l  
phosphorus. I t  i s  only a f t e r  m in e ra liz a tio n  o f th e  o rgan ic  
phosphates ( a c t iv i ty  o f  m icro-organism s) th a t  i t  becomes 
involved  in  th e  chemical re a c tio n  (Larsen 19^7)•
However, in  S c o ttish  s o i ls  o rgan ic  formscan account fo r  more 
th an  50$ o f  th e  t o t a l  phosphorus. This r a t io  i s  lower in  s o i l s  
developed under conditions o f impeded drainage (W illiam s 1970). 
I t  has been shown in  S c o ttish  s o i ls  th a t  a m ajor in flu en ce  on 
th e  con ten t o f  inorganic  phosphate i s  th e  pedo log ica l d ra inage  
co n d itio n  in  ad d itio n  to  the  paren t m a te r ia l .
In o rg an ic  phosphate i s  th a t r e s u lt in g  from th e  d is in te g ra t io n  
and decom position o f rocks con tain ing  a p a t i te  Ca1Q (po^)^
(P , C l, OH, i  C02) (T yrro l 1971? Smeck 197-3). This occurs
s
a s  prim ary a p a t i te  in  sand and s i l t  f r a c t io n . Much o f  the  
in o rg an ic  phosphate co n sis ts  o f a  v a r ie ty  o f  amorphous 
complexes and compounds o f varying c r y s t a l l i n i t y ,  which 
e x is t  probably  as  film s and d ep o sits  on o th e r  s o i l  c o n s t i tu e n ts .
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There i s  iro n  phosphate (V ir ia n ite  Pe^ (P0^)2 8H20 ) , which i s
found, in  w aterlogged o r "badly drained  s o i l s ,  a lso  aluminium
phosphate , (3  A1 (OH), 2P0 -  3Ho0 S tu r r e t t i t e  and Var i s  c i t e
4 2
A1 P04 -  2H20). (R ussell 1961) .
1
T rih a s ic  orthophosphate forms th re e  s e r ie s  o f  s a l t s  accord ing  
to  th e  number o f hydrogen atoms rep laced  in  th e  molecule* 
Monocalcium phosphate has th e  h ig h est w ater s o lu b ility *
T rica lc ium  phosphate i s  in so lu b le  and d icalcium  phosphate 
(CaHPO^)is in term ediate*
Ca(H2P04) 2 -= = S  Cafl P04 ^ ^  C a ^ P C ^
Under a c id  co n d itio n s , th e  equ ilib rium  moves to  the  l e f t ,  but 
as  th e  pH in c rease s  th e  more in so lu b le  compounds become dom inant. 
Around n e u tr a l i ty  monocalcium phosphate would probably be th e  
p r in c ip le  s ta b le  compound* Under more a lk a l in e  s o i l  co n d itio n s  
tr ic a lc iu m  phosphate i s  p resen t and more b a s ic  and in so lu b le  
phosphates o f  calcium such as  calcium octaphosphate (Ca^H^O^)^ 
3H20) and hydroxyl a p a t i te  (3 Ca^ (PC>4) 2 Ca(0B)2 a re  a lso  l ik e ly  
to  be present*
3*1*2 Phosphorus in  s o i l  so lu tio n :
The in o rg an ic  phosphorus in  so lu tio n  ta k es  jia rt in  two e q u i l ib r ia
s
homogeneous and heterogeneous e q u ilib ria *  The f i r s t  one occurs 
in  th e  l iq u id  phase, but th e  second between th e  s o l id  and 
l iq u id  phase*
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Homogeneous eq u ilib riu m . The co n cen tra tio n  o f phosphorus 
in  th e  l iq u id  phase depends on th e  p ro p e r tie s  o f  both  th e  s o l id  
and l iq u id  phase and a lso  on th e  r a t io  between s o l id  and 
so lu tion*
The forms o f phosphorus p resen t in  so lu tio n  a re  governed by
p ro to n a tio n  and complex form ation. These forms a re  H^PO,*
-  3 4 ?
, HPO^~ and PO^ and th e i r  so lub le  complexes.
(a ) P ro to n a tio n  i s  th e  d is t r ib u t io n  o f  phosphorus between 
phosphoric  ac id  and phosphorus ions which i s  determ ined by 
pH a s  fo llow s
Thus th e  co n cen tra tion  o f various phosphate ions in  so lu tio n  i s  
in tim a te ly  r e la te d  to  the  pH o f the  media (Vogel 1961). The 
shape o f  th e  b u ffe r  curve o f phosphoric ac id  w il l  depend upon 
th e  r e la t iv e  magnitudes o f the  various d is s o c ia t io n  co n stan ts  
fo r  t r i b a s i c  a c id s , which a re  i l l u s t r a t e d  fo r  o rthophosphoric  
a c id .  This ac id  behaves as a m ixture o f th re e  monobasic a c id s ,
P a c id  —- ^  P base  + H+
K
K «* d is so c ia tio n  constan t which i s  in flu en ced  
by tem perature and co n cen tra tio n  o f  th e  
so lu tio n
th e  equation i s  as fo llow s :<
64
w ith  d is so c ia tio n  constan ts  fo r  which
h3p°4 - ^  h 2po4- ^  h p o ^  po4'
pKi > 2.12 pK2 = 7.21 p K3 = 12.30
00 Complex form ation:
Phosphorus forms so lub le  complexes w ith many m e ta ll ic  ions such 
a s  Na, K, Mg, Ca, Mn, A1 and Pe (S illem  and M arte ll 1964) .
W ith th e  so lub le  complexes and t h e i r  equ ilib rium  c o n s ta n ts , 
expressed  as  s t a b i l i t y  c o n s tan ts , th e  g re a te r  th e  co n sta n t,
1
th e  more s ta b le  i s  th e  complex.
S o il so lu tio n  norm ally contains sev era l k inds o f m e ta l l ic  ions 
which w il l  form complexes w ith  ions o th e r than  phosphate 
(OH , C0^ , S0^ and organic io n s ) .
In  a d d itio n , phosphorus ions may take  p a rt in  o th e r  homogeneous 
re a c tio n s  (Larsen 1967)*
2* Heterogeneous equ ilib rium . The upper l im it  f c r  th e  
phosphorus concen tra tion  in  so lu tio n  i s  s e t by th e  heterogeneous 
e t ju i l ib r ia .  The re a c tio n s  involved (d is s o lu tio n  and p r e c ip i ta t io n )  
a re  c o n tro lle d  by th e  s o lu b i l i ty  product p r in c ip le  and ad so rp tio n  
o f  phosphate on th e  surface o f s o i l  p a r t i c le s ,
(a ) S o lu b ili ty :
I t  was concluded (Wild 1964; Chakrav a r t i  and Talibudeen 1962;
Hagin and Hadas 1962; Bache 1963) th a t  th e  phosphorus 
co n cen tra tio n  in  the  s o i l  so lu tio n  does not agree w ith  th a t
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p re d ic te d  from th e  s o lu b i l i ty  p roduct. This disagreem ent however, 
in  calcureous s o i ls  can be explained by incom plete understand ing  
o f  th e  so lu b u lity  product o f  these  compounds (Bjerrum 1949).
Two s o lu b i l i ty  products were found fo r  octocalcium  phosphate and 
two fo r  hydroxyl a p a t i te ,  one where th e  equ ilib rium  was 
approached by p re c ip i ta t io n  and th e  o th e r when i t  was approached 
by d is s o c ia t io n .
However, im p u ritie s  seem to  have an e f fe c t  on th e  s o lu b i l i ty  
such a s  th e  change in  th e  s o lu b i l i ty  o f hydroxyl a p a t i te  in  
th e  presence o r absence o f  calcium carbonate (Greenwald 1942).
(b) A dsorption, Phorphorus can be adsorbed on th e  su rface  
o f  s o i l  p a r t i c le s  such as c lay  or calcium carbonate . Thus 
phosphorus can be removed from so lu tio n  even in  th e  absence 
o f  p re c ip i ta t in g  io n s .
Phosphorus ad so rp tio n  was in v e s tig a te d  (M uljadi e t a l  1966) 
over a pH range from 3 to  10 and an i n i t i a l  phosphorus 
co n cen tra tio n  from 10“ ^ to  10“1 M, by u sin g  c lay  (K a o lin ite )  
and two aluminium oxides (G ibbsite  and B en to n ite ) . They 
found th re e  d i s t in c t  adsorp tion  concen tra tion  ranges
( i )  At low concen tra tion  o f phosphorus 10 ^ M.
( i i )  At in term ed ia te  phosphorus concen trations 10 — 10 M.
-3  -1( i i i )  At medium to  high phosphorus con cen tra tio n s  10 -  10 M.
They th en  suggested th a t  aluminium atoms lo ca ted  on th e  edge 
o f  th e  c ry s ta l  l a t t i c e  a re  responsib le  fo r  phosphorus a d so rp tio n
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in  ranges ( i )  and. ( i i ) .  In  range ( i i i )  when th e  ad so rp tio n  
iso therm s were l in e a r ,  phosphorus was found to  p e n e tra te  in to  
some amorphous reg ions of the  c ry s ta ls .
I t  was in d ic a ted  (Larsen 19^7) th a t  lower phosphorus 
co n cen tra tio n s  a re  re lev an t to  in ta c t  s o i l ,  w hile th e  more 
co n cen tra ted  so lu tio n s  a re  re lev an t to  s o i l  which comes in to  
co n tac t w ith  th e  so lu tio n  from d is so lv in g  f e r t i l i z e r s ,
3 .1 ,3  The a v a i l a b i l i ty  o f phosphate:
The bu lk  o f  th e  so lub le  phosphorus in  s o i l  i s  always p resen t 
a s  th e  two ion spec ies  R,^P0~ and HPO^" (Larsen 1967)*
The c a lc u la tio n  o f Buehrer (1932) shows th a t th e  predominant 
an ion  in  th e  pH range o f most s o i ls  i s  HoP0^~*. This form 
HgPO^ was considered to  be th e  usab le  form by p la n ts .
The co n cen tra tio n s  o f th i s  ion in  the  s o i l  so lu tio n  i s  considered
to  be sm all, i . e .  g en era lly  not more than  a  few ppm and fre q u e n tly
le s s  than  1 ppm. I t  i s  obvious th a t the  co n cen tra tio n  v a r ie s
w idely  fo r  d if f e r e n t  s o i l s .  The s o i l  i s  known to  be d e f ic ie n t
'—7in  phosphate when i t s  concen tra tion  i s  from below 10 M to  about 
10"6 Mf and i t  i s  known to  be w ell supplied  fo r  crops to  grow 
to  m a tu rity  a t  concen tra tions 10 — 10 ^ M. (R u sse ll 19&1).
The a b i l i t y  o f crops to  take up phosphate from th ese  d i lu te  
s o lu tio n s  however i s  dependent to  some ex ten t a t  le a s t  on th e  
absence o f some in te r fe r in g  io n s , such as high concen tra tions o f 
f e r r i c  oxide which reduce the  tra n s lo c a tio n  o f phosphate to  th e  
le av es  (F o s te r  and R ussell 1958). This e f fe c t  can a lso  be
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produced by aluminium ions (Wright & Donahue 1953).
There a re  four main con sid era tio n s  in  resp ec t o f th e  supply 
o f  phosphate to  crops. These a re  (W illiams 1970).
( i )  The q u a n tity  fa c to r  which re p re se n ts  th e  amounts o f 
a v a ila b le  phosphate to  th e  p la n t .
( i i )  The in te n s i ty  fa c to r  which r e f le c t s  th e  s tre n g th  o f 
r e te n t io n  o f phosphate by th e  s o i l  and hence th e  e f f o r t  
re q u ire d  to  withdraw i t .
( i i i )  The q u a n tiig /in te n s ity  re la tio n s h ip  fa c to r .  This 
r e la t io n s h ip  i s  defined  by th e  ad so rp tion  isotherm  and exp resses 
th e  phosphate b u ffe rin g  capac ity  o f th e  s o i l .
( iv )  The ra te  fa c to r  covering replenishm ent o f th e  phosphate 
in  th e  so lu tio n  around th e  p lan t ro o ts .
3*1.4 Donnan equilibrium :
A cidoid and basoid  behaviour governs the  com position o f  th e  
m ic e lle r  atm osphere. According to  M attson (19^9) "the 
e le c tro n e g a tiv e  s o i l  i s  composed o f p a r t ic le s  w ith  a  n e g a tiv e ly  
charged su rface  rep resen ted  by th e  la y e r o f ac id o id  an ions 
surrounded by a swarm or atmosphere o f exchangeable c a tio n s .
s
The th ic k n e ss  o f th i s  atmosphere o f ions i s  determ ined by a 
balance  between th e  inward a c tin g  e le c t r o s ta t i c  a t t r a c t io n  and 
th e  outward a c tin g  osmotic force tend ing  towards an equal 
d is t r ib u t io n  o f  th e  ions.
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S o il i s  a c o llo id a l system in  which th e  s o lid  o r c o llo id a l  
phase i s  surrounded by an in n er so lu tio n  co n ta in ing  an excess
co n ta in in g  only th e  ions o f the  fre e  e le c t r o ly te s .  The Donnan 
equation  demands th a t  a t  equ ilib rium  the  product o f th e  
co n cen tra tio n  o f any p a ir  o f d if fu s ib le  ions must be th e  same 
in  any p a rt o f th e  system (Mattson 1966) .
There i s  a  concen tra tion  X o f the  fre e  ions in  th e  in te r  
m ic e lle r  so lu tio n  while in  th e  m ic e lle r  so lu tio n  th e re  i s  a 
co n cen tra tio n  Y o f the  fre e  io n s . There i s  a lso  a  co n ce n tra tio n  
Z o f ions belonging to  the  m icelle  which depends on th e  
charge o f  th e  c o llo id .
I f  i t  i s  e lec tro n eg a tiv e  Z =« H o r a m etal c a tio n , but 
i f  i t  i s  e le c tro p o s it iv e  Z « OH o r  o th e r an ion .
The a p p lic a tio n  o f th e  Donnan th eo ry  g ives th e  general 
equation  fo r  a u n i-u n iv a len t ion .
quid
The a c t i v i t y  o f counter ions decreases ra p id ly  from th e  p a r t i c l e  
su rface  outw ards, whereas th e  a c t iv i ty  o f th e  f re e  s a l t s  
in c re a se s  in  th e  same d ire c tio n .
o f one kind o f ion  (exchangeable ca tio n s) and an o u te r  so lu tio n
X2 -  Y (Y + Z)
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The th e o r e t ic a l  d is t r ib u t io n  o f the  ions in  Donnan system 
depends on
(1) The a c t iv i ty  of th e  so lu tio n  (X)
(2) The valence o f the  anions and ca tio n s
(3) The exchange capacity  o f s o i l  (z)
When th e  s o i l  so lu tio n  i s  d i lu te d , th e re  w il l  be a  Donnan 
r e d i s t r ib u t io n  o f the ions from the  in s id e  so lu tio n  Y to  th e
o u ts id e  so lu tio n  X* But Y tends to  be constant due to  th e
eq u ilib riu m  between the  d isso lv ed  phosphate Y and th e  adsorbed 
phosphate S, as  i l l u s t r a t e d : -
S  Y ^ 5 X
i
The s a l t  e f fe c t  i s
S ^ ,r±x
T his r e la t io n s h ip  i s  unique fo r  th e  phosphate ion# The o th e r  
an io n s  such a s  Cl , NO^  and SO  ^ a re  not adsorbed by s o i l  
c o l lo id s  to  any g rea t e x ten t, and e x is t  in  s o i l  so lu tion#  This 
could  be r e la te d  to  the  adsorp tion  o f phosphate onto th e  
su rface  o f  c lay  p a r t ic le s  and tak es  p lace by hydrogen bonding 
an ion  exchange, o r chem isorption (chem ical bond .); but fo r
s
o th e r  an ions adsorp tion  i s  re la te d  only to  the  e l e c t r o s t a t i c  
a t t r a c t i o n ,  i t s  concen tra tion  in  th e  s o i l  atmosphere presumably 
b e in g  a f fe c te d  by any fa c to r  which in fluences th e  eq u ilib riu m .
The phosphate sa tu ra tio n  S i s  in  equ ilibrium  w ith  Y th e  in s id e
©
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a c t i v i t y  o f th e  ion . With no added s a l t  and w ith  h igher
exchange cap ac ity  Z of th e  s o i l  Y i s  sm aller than  X. When 
s a l t  i s  added th e  d iffe ren ce  between X and Y decreases by 
t r a n s f e r  o f ions from X to  Y. This d is tu rb s  th e  eq u ilib riu m  
o f  S.
In  e le c tro n e g a tiv e  c o llo id s  i t  can be concluded th a t  th e  
valence  a f f e c t s  the  d is t r ib u t io n  o f ca tio n s  as  w ell a s  an ions 
between th e  in s id e  and ou tside  so lu tio n . I t  i s  expressed 
by th e  g en era l equation
~ ~>i _ J(-c  ~>i ( Q j
j j /  "  ")o / < A“  " ) 0 (A') o
(A
(M). W * x
(Z + Y) i s  su b s titu te d  fo r  (
(X) i s  s u b s titu te d  fo r  ( )
(D  There i s  always le s s  o f the  free  e le c tro ly te  in  th e  
in s id e  th an  in  th e  ou tside  so lu tio n , i . e .  Y <.X#
(2) The r a t io  j  decreases w ith th e  d i lu t io n  o f  th e  s o lu tio n , 
a t  i n f i n i t e  d i lu t io n ,  the free  e le c tro ly te  i s  l im ite d  to  th e  
ions o f th e  w ater.
(3) A high concen tra tion  o f  s a l t  so lu tio n  suppresses th e  
Donnan d is t r ib u t io n  and the  r a t io  Y/X approaches u n ity .
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( 4) The h igher the  value o f Z (th e  exchange cap ac ity ) , th e  
h ig h e r th e  concen tra tion  o f s a l t  requ ired  to  suppress th e  
Donnan d is t r ib u t io n .
In  concen tra ted  so lu tio n , th e re  i s  l i t t l e  o r no valence e f f e c t ,  
bu t on d i lu t io n  o f  th e  so lu tio n  and a high exchange cap ac ity  
a d so rp tio n  o f ca tio n s  and desorp tion  o f anions i s  a f fe c te d  
by v a len ce .
M attson (*1929) found; th a t  the d is so c ia tio n  o f  th e  ca tio n s  
depends not only upon the valence but a lso  upon o th e r  f a c to r s ,  
amongst which atomic volume and the  degree o f  hyd ra tion  o f 
th e  ions appear to  be most im portant ( s p e c if ic  n a tu re  o f  
io n s ) •
The sm aller th e  volume o f the  c a tio n ,th e  g re a te r  the  h y d ra tio n , 
( th e  g re a te r  th e  number o f water molecules a tta ch ed  to  th e
io n )th en  th e  sm aller i s  th e  po ten tiaL and the  more in s e n s i t iv e
th e  c a tio n  to  e le c t r o s ta t ic  p u ll from the  su rface .
The h ig h e r th e  valence and the  lower th e  h y d ra tio n , on th e  
o th e r  hand^the more e a s ily  th e  ion i s  a t t r a c te d  to  th e  in n e r 
la y e r  o f  opposite  charge.
In  t h i s  s i tu a t io n  the  ions arrange them selves in  th e  w ell known 
H ofm eisteror ly o tro p ic  ion s e r ie s .
T h is theory, a lso  exp lains why th e  magnitude o f  th e  p o s it iv e  
s a l t  e f fe c t  on th e  phosphate adsorp tion  i s  r e la te d  more to  
th e  con ten ts  o f acid o id s  than baso id s . Z i s  determ ined by
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th e  a c id o id , and a high Z means a g rea t d if f e r e n t  between X and Y
and a la rg e  e f fe c t  o f th e  s a l t  on — r a t io .
For th e  same reason th e  p o s itiv e  s a l t  e f fe c t  i s  la rg e  a t  h igh  pH, 
d ecreasin g  to  zero w ith  f a l l in g  pH, and ev en tu a lly  re v e rs in g  in to  
a  n eg a tiv e  e f f e c t .
This phenomena i s  explained by th e  fa c t  th a t  Z decreases in  th e  
same d ire c t io n  and th a t the  saloid-bound phosphate in c re a se s  
w ith  th e  a c id i ty .
The unequal ion d is t r ib u t io n  i s  given e i th e r  by th e  anion r a t io  
to  Y  ^ o r the  ca tio n  r a t io  (Z^ + Yjj) to  which can be
summarised a s  fo llow s
For n eg a tiv e  c o llo id s  W i / r (M) 0 t anci P^i ^ P ^ o
For p o s i t iv e  c o llo id s  (M)^ f (a) ^ ( A ) q and pH^ ^  pHQ
The e f f e c t  o f the  s a l t  on th e  exchangeable ca tio n s  w il l  be to  
d isp la c e  some o f the  hydrogen ions amongst o th e r io n s . The new 
eq u ilib riu m  w il l  r e s u l t  in  a la rg e r  ou ts id e  H a c t iv i ty  X and
a  sm alle r in s id e  a c t iv i ty  (Y + Z ).
Donnan equ ilib rium  i s  th e  mass law ap p lied  to  c o llo id a l system s. 
Since th e  law o f mass ac tio n  demands th a t
H+ + HgPO/
H2P04 must have decreased as  K J  has in c reased  and th a t  
t h e i r  product must remain constant (Mattson and B arkoff 1953)*
Pp + pH » a  constan t
Pp log  (H2Po“ )
T his constan t haB "been ca lled  phosphoric p o te n tia l  (A slying 1954)
3 .1 ,5  The e f fe c t  o f e le c tro ly te  on th e  s o lu b i l i ty  o f phosphate :
The e f fe c t  o f e le c tro ly te  concen tra tion  on th e  s o lu b i l i ty  o f 
phosphate has been stud ied  by many w orkers. I t  has been found 
th a t  d i lu te  e le c tro ly te  so lu tio n s  could depress th e  s o lu b i l i ty  
o f  phosphate. (Mattson e t a l  1950? C lark and Peech i 960 and Lehr 
and Van Wesemael 1952). They dem onstrated th a t  in  th e  case o f  
s a l t s  w ith  th e  same anion, the  depressing  e f fe c t  on th e  
s o lu b i l i ty  o f s o i l  phosphate increased  in  th e  o rd er o f  th e  
ly o tro p ic  s e r ie s  Na< K <Mg <Ca.
The e f f e c t  was more pronounced a t h igher s a l t  c o n cen tra tio n . 
S u lphate  has le s s  depressing  e f fe c ts  than  ch lo rid e  a t  h ig h e r ' 
cone ent r a t  io n .
S o lu b i l i ty  o f phosphate may be d if fe re n t fo r  pure phosphate 
from th a t  o f s o i l  phosphate (Greaves 1910)* due to  th e  re a c tio n  
between th e  s o i l  and the  s a l t  so lu tio n . s
However, i t  was found th a t  th e  s o lu b i l i ty  o f calcium phosphate 
in  s a l t  so lu tio n  i s  more than in  pure w ater (M attson e t a l  1950), 
and th e  opposite  i s  tru e  w ith the  sesquoxide-bound phosphate.
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In  a  system contain ing  both forms of phosphate and keeping th e  
pH c o n s ta n t, th e  ad d itio n  o f s a l t  gave the  fo llow ing  e f f e c t s :—
Sesquoxide-bound P ^ -------  calcium-bound P.
On d ecreasin g  th e  pH th e  re a c tio n  was s t i l l  th e  same a s  th e  
above, w hile in c reas in g  the  pH gave th e  opposite  e f f e c t ,  i . e .
oh”"Se squoxide-bound P __ _______^  Ca-bound P.
The e f fe c t  o f  th e  Donnan d is t r ib u t io n  was p u re ly  a  valence 
e f f e c t ,  th e  more concentrated  the  s a l t ,  and th e  h igher th e  
va len cy  o f  th e  ca tio n , the  th in n e r the  double la y e r .
The o rd e r o f  th e  negative  adsorp tion  o f anions was SO ^^Cl.
This e f f e c t  i s  opposite  to  th a t of th e  ca tio n s  which was 
N a ^  K ^  Ca. The d iffe ren ce  w ith n eg a tiv e ly  adsorbed ions 
may be im portant in  connection w ith th e  unequal ion  d is t r ib u t io n  
o b ta in ed  on in c reas in g  the  anion co n cen tra tio n .
At th e  same concen tra tion  the  SO  ^ ion gave r i s e  to  a  
Xg re a te r  ^  r a t io  than  Cl ion , while w ith ca tio n s  th e  e f fe c t  
o f  th e  degree o f d is so c ia tio n  which v a r ie s  w ith  each ca tio n  
fo llow s th e  ly o tro p ic  s e r ie s ,
3 .1 .6  Chemical p re c ip ita tio n  o f phosphate:
S
The chem ical p re c ip i ta t io n  of phosphatesof vary ing  com position 
depends on th e  predominant ca tions and on th e  s p e c if ic  su rface s  
formed by th e  mechanism of chemical p r e c ip i ta t io n  which i s  
r e la te d  to  th e  s o lu b i l i ty  product (K ittr ic k  and Jackson 1955).
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At low phosphate concen tra tion  the  adso rp tion  o f phosphate by 
CaCO  ^ can be described  by the  Langmuir isotherm  (Cole e t  a l 1953).
The ad so rp tio n  o f phosphate by s o i l  was considered (Davis 1935 
and Kurtz e t a l  1946) to  b e  p ro p o rtio n a l to  th e  c o n cen tra tio n .
Phosphate ad so rp tion  by C a-K aolinite was found (Low and Black 
1950* R u sse ll and Low 1954) to  f i t  th e  F reundlich  equation  
and in c rease  w ith tem perature,
X « KC p-
X » the  amount in  u n it  weight o f s o i l  in c lu d in g  th a t  
o r ig in a lly  p re sen t,
C » The concen tra tion  o f ion in  th e  so lu tio n  
Kf P are co n stan ts .
Prom t h i s  i t  was concluded th a t th e  adso rp tion  was a 
chem isorp tion  and th a t  the  re a c tio n  was between th e  phosphate 
and th e  su rface  hydroxyl ions o f the  c lay  m ineral.
However, th e  adsorp tion  of phorphorus by s o i l  from d i lu te  
s o lu tio n s  was found (Olsen and Watanabe 1957) to  show a
c lo s e r  agreement with the  Langmuir isotherjn than  w ith th e
/ 1 Cec[ Ceq ^
F reund lich  isotherm  ( ^ K ~ X "" M '
m
where K « th e  equilibrium  constantm
Ceq « phosphate concen tra tion  in  so lu tio n  
^g m P /ra l so lu tio n ) a t  equ ilib rium
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X e* phosphate ion (/&gmp/ml of so lu tio n ) adsorbed
by th e  su rface .
M ** maximum monolayer su rface  s a tu ra tio n  (^gm P/m l
o f so lu tio n ) .
This was supported by Kuo and Lotse (1972) who found th a t  th e  
phosphate adsorp tion  da ta  f i t s  th e  Langmuir isotherm .
T his in d ic a ted  th a t  phosphate adsorp tion  by CaCO  ^ a t low 
co n cen tra tio n  forms a monolayer on th e  su rface ,
Adamson ( i 960) p o s tu la ted  the  follow ing p r in c ip le s  from th e  
Langmuir isotherm
(1 ) The energy o f adsorp tion  i s  constan t (which im plies 
uniform  s i t e s  and no in te ra c t io n  between adsorbate  m olecu les).
(2 )  The adso rp tion  is  on lo c a liz e d  s i t e s  (which im plies  no 
t r a n s la t io n a l  motion of adsoibed molecules in  th e  p lane o f th e  
s u r fa c e ) .
( 3) The maximum adsorption  p o ssib le  corresponds to  a complete 
monomolecular la y e r .
I t  seemed u n lik e ly  th a t a l l  the  th re e  p o in ts  above w il l  ho ld  
f o r  phosphorus in  s o i l ,  i . e .  the energy of phosphorus ad so rp tio n
s
i s  l ik e ly  to  be constan t only w ith in  a narrow co n cen tra tio n  
range . Also i t  seemed u n lik e ly  th a t adsorp tion  w il l  be 
r e s t r i c t e d  to  a  monolayer, p a r t ic u la r ly  a t h igher c o n ce n tra tio n s , 
where some s o r t  o f  l a t t i c e  s tru c tu re  w ill  beg in  to  form.
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D espite  the  above mentioned l im ita tio n s  (Larsen 1967)t th e  
Langmuir isotherm  can o ften  be used to  give a r e la t iv e  measure 
o f the  energy by which phosphorus i s  bound to  th e  so lid s  
(and a r e la t iv e  adsorp tion  maximum)* Based on th i s  ad so rp tio n  
maximum and amount of re a d ily  is o to p ic a lly  exchangeable 
phosphorus a lready  p resen t in  th e  s o i l ,  an a rb i t r a ry  
c a lc u la t io n  o f th e  degree of phosphorus s a tu ra tio n  can be made. 
Such a m easure. has been shown to  be re la te d  to  p la n t uptake 
o f s o i l  phosphorus (Gunary and Sutton ^ 6 ^ ) ,
I t  was summarised by Kuo and Lotse (1972) th a t  th e  low 
a c t iv a t io n  energy of phosphate adsorp tion  in d ic a ted  th a t  th e  
ad so rp tio n  i s  a  d iffu s io n  co n tro lle d  p rocess. The d if fu s io n  
o f  phosphate to  the  surface i s  dependent on th e  phosphorus 
co n cen tra tio n  g rad ien t between th e  bu lk  so lu tio n  and th e  
su rface  and the  e le c t r ic a l  p o te n tia l d iffe ren c e  between th e  
su rface  and the  ion  (Kemper e t a l 1972).
I t  i s  w ell known th a t  some - of th e  phosphorus a sso c ia te d  w ith 
th e  s o l id  phase o f s o i ls  which has been brought to  equ ilib rium  
w ith  phosphate so lu tio n  is  w ater so lu b le .
A d is t in c t io n  i s  freq u en tly  made between th i s  phosphorus 
and th e  phosphorus ion more c lo se ly  a sso c ia ted  w ith th e  s o l id  
phase* Mattson and Karlesson (1938) have d is tin g u ish ed  
co llo id -b o n d  . phosphate as ions th a t  have become a d if f u s ib le  
s t r u c tu r a l  u n i t  in  the  c o llo id a l aggregate and saloid^bound 
phosphate as ions in  the  d if fu s ib le  ion ic  atmosphere h e ld  as
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compensation fo r  ions o f a p o s itiv e  charge*
These two forms of b inding  are d if f e r e n t  from e x tra  m ic e lle r  
b in d in g , which i s  p re c ip i ta t io n  o f phosphate by ano ther io n , 
when bo th  a re  ou ts id e  of the  s o i l  m icelle  ,
(1 ) C ry s ta l s t a t e : -
The chem ical re a c tio n  product i s  sometimes a fu n c tio n  o f the  
c a tio n s  p re sen t. For example, calcium i s  found to  in c rease  th e  
f ix a t io n  cap ac ity  of the  s o i l  fo r  phosphorus (A llison  1943 and 
Ragland and Seay 1957)*
I t  has been found also  th a t calcium f lu o rid e^ as  in  the  
fo llow ing  equation can form calcium f lu r o a p a t i te  as considered  
by H acIn tire  and Hatcher (1942)*
3 Ca 3(P04 ) 2 + CaF2 ----- ► Ca10 ?2 (PO ^g
The phosphate ions removed from so lu tio n  and passed to  th e  
s o l id  phase may be added as a monolayer to  a  s o l id  phase 
o f  th e  same kind  (c ry s ta l  growth), to  a  second s o lid  phase 
(chem isorp tion) or e lse  i t  may form new p a rtic le s*
The in so lu b le  phosphates of iro n  and aluminium w il l  be 
p re c ip i ta te d  in  ac id  s o i l ,  and the in so lu b le  phosphate o f 
calcium  and magnesium a t pH values above 7«
The phosphate concen tra tion  in  s o i l  so lu tio n  i s  governed 
by  th e  s o lu b i l i ty  o f calcium, aluminium ejid iro n  phosphates.
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Phosphorus i s  most so lub le  in  a  system co n ta in in g  iro n t aluminium 
and calcium  a t a  pH near 7* At th i s  pH most phosphorus i s  
s u sc e p tib le  to  tra n s lo c a tio n  or u t i l i s a t i o n  and in co rp o ra tio n  
in to  th e  organic cycle .
At pH v a lu es  below 7» th e  s o lu b i l i ty  of phosphorus i s  governed 
by iro n  and aluminium phosphates and decreases ra p id ly  as th e  
pH d ecreases .
At pH v a lues above 7 phosphorus s o lu b i l i ty  i s  governed by 
calcium  phosphates and decreases rap id ly  as th e  pH in c rease s  
(Smeckl973).
In  a  review  o f calcium compounds by Larsen (19^7) i t  was 
concluded th a t  only hydroxyl a p a ti te  was s ta b le  in  a  s l ig h t ly  
a c id  range of s o i l  co n d itio n ,.
T rica lc ium  phosphate can r e s u l t  from th e  p r e c ip i ta t io n  of 
d icalcium  phosphate as shown by the  fo llow ing equation
2CaHP0^ *f Ca + C a ^ P O ^  + 2CC>2 + 21^0
The p r e c ip i ta t io n  of the  primary phosphate w ill  tak e  p lace  
by th e  a c tio n  o f calcium s a l t s  of weak ac id s as fo llow s s*- 
(Kugelmass and Rothwell 1924)
2HaH2P04 + 3 CaC O jt^C a^PO ^g + ^ 2C°2, + 2H2° *  2C02
While th e  secondary phosphate w ill  be p re c ip i ta te d  by th e  
calcium  s a l t  o f strong  acids as fo llow s
4Ua2HP04 + 3 CaS04^ , Ca3(P04)2 + 2NaH2P04 + 3Na2S04
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Although the  speed o f chemical re ac tio n s  g en era lly  in c re a se  w ith 
tem perature  (Hasman jet jlL 1930  ^ the  ex ten t to  
which th i s  f a c to r  in fluences the  f ix a t io n  of s o i l  phosphorus 
under f i e l d  cond itions is  not wel-l understood. I t  may he 
p o in te d  o u t, however, th a t  the  s o i ls  o f the  warmer c lim a tes  
g e n e ra lly  have more fix ed  phosphate than  s o i ls  of more tem perate  
reg io n s  ( Mack and Barber 1960),
I t  should  he rememhered th a t th ese  warmer c lim ates g ive  r i s e  to  
s o i l s  w ith  h igher contents of hydrous oxides o f aluminium and iro n , 
which form a medium fo r phosphate adsorp tion . This can in flu en ce  
th e  a v a i l a b i l i ty  o f phosphorus to  th e  p la n t,
( 2) Amorphous s ta t e  jo­
in  th e  amorphous s ta te  under waterlogged co n d itions iro n  i s  
r a p id ly  reduced from the  f e r r i c  to  fe rro u s  s ta t e .  This has an 
e f f e c t  on phosphorus so lu b ility *  The hydrated  iro n  oxide can
c i y s t a l l i s e  in  a v a r ie ty  of ways depending on the  environment. 
(O x ida tion  red u c tio n  e ffe c t by a l te r in g  the  m oisture c o n te n t) .
Eriksson (1942) considered h is  find ings  on the e f fe c t  o f
n e u tra l  s a l t s  on f ix a t io n  of phosphates by amphoteric c o llo id s
in  r e l a t io n  to  the  theory o f Karlsson and Mattson (1940), This
th eo ry  regarding repression o f the hydrolysis o f amphoteric
phosphates by a s a l t  supply can la rg e ly  exp lain  th e  re d u c tio n
in  phosphate s o lu b i l i ty  with potash ad d itio n .
The re d u c tio n  in  pH value w ill reduce o r in c rease  th e  more marked 
e f f e c t  o f th e  depression  of h y d ro ly sis , depending on whether 
th e  s o i l  re a c tio n  i s  on the  a lk a lin e  or ac id ic  s id e  of th e
©
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s o lu b i l i ty  maximum.
This red u c tio n  of phosphate s o lu b i l i ty  w ith a supply o f potash  
s a l t  due to  depression  o f the  hydro lysis  o f  th e  am photeric s o i l  
c o l lo id s  can probably be regarded as a  normal phenomenon in  
o rd in a ry  su rface  s o i l ,  since th e  s o i l  re a c tio n  in  such s o i l s  i s  
f a r  above th e  is o e le c tr ic  p o in ts  o f the  s o i l  complexes.
The changes in  phosphate s o lu b i l i ty  a r is e  from changes (due to  
th e  exchange a c id i ty )  in  the  pH value of the  s o i l .
The d iffe re n c e  in  the  e ffe c t between KC1 and must be
a sc rib e d  to  th e  negative  ions. SO^  ' ions have a g re a te r  e f fe c t  
than  Cl in  co u n terac tin g  th e  reduction  in  h y d ro ly s is .
3 .1 .7  E x trac tio n  o f s o il phosphate:
T otal and so lub le  phosphorus in  d if fe re n t  s o i ls  has been 
e x tra c te d  by vario u s  e x tra c ta n ts  used fo r  te s t in g  th e  e f fe c t  
o f  phosphate f e r t i l i z e r  on p o ta to es, swedes and g rass  in  
d i f f e r e n t  B r i t i s h  s o i ls .  Williams and Cooke (19^2) examine 
th e  e f f ic ie n c y  o f these  reac tio n s  and t e s t  phosphate a v a i l a b i l i ty  
as fo llow s : -
( 1) 0 .3  M HC1 1 :2 .3  s o il:so lv e n t r a t io , shaken fo r  one
min* s
(2 ) 0 .002 M H^SO  ^ 1:200 so il :s o lv e n t r a t io ,  shaken fo r
30 min*
(3 ) 0 .5  M a c e tic  acid  1:40 s o il :s o lv e n t r a t io ,  shaken fo r
/
s ix  hours.
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(4 ) 0 .1  M CaCl^ so lu tio n  1:5 so il:w a te r  r a t io ,  shaken a t 
in te rv a ls ,
(5 ) 1$ c i t r i c  ac id  1:10 s o il:so lv e n t ra tio ^  shaken fo r  
24 hours.
( 6 ) A cetic ac id  -  sodium a ce ta te  b u ffe r  (HAc -  NaAc),1?5 
s o il :w a te r  ra tio ,sh ak en  fo r  15 min,
(7 ) 0 ,5  M NaHCO^  so lu tio n  1:20 so il?  so lu tio n  r a t i o ,  shaken 
fo r  30 min,
The e x tra c ta n ts  th a t  d if f e re n tia te d  b e s t between responsive  
and unresponsive  groups o f experiments were HAc, HAc — NaAc and 
NaHCO  ^ fo r  p o ta to es  and HC1, H^SO^, HAc — NaAc NallCO  ^ and CaCl^ 
f o r  g ra s s .
I t  wets concluded th a t  under th ese  experim ental co n d itio n s , th e  
b e s t  e x tra c ta n t was 0 ,5  M NaHCO ,^ However, HC1, and
th e  HAc -  NaAc b u ffe r  so lu tio n  methods were considered  to  be 
q u ite  e f fe c t iv e  (W illiams and Cooke 19^2).
S o il phosphorus can be bound by Pe, A1 and Ca depending on 
th e  pH o f th e  s o i l ,  i . e .  under acid  cond itions th e  b in d in g  
agen ts  a re  Pe and A1 bu t Ca i s  the main b ind ing  agent under 
s l ig h t ly  ac id  to  a lk a l i  cond itions. -However-, the  s e le c t iv e  
e x tra c ta n t  (W illiam s 1970) fo r  Al-bound P is  M^F, f o r  Fe-bound 
P i s  $aOH and fo r  Ca^bound P is  H^SO^.
&
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W illiams (1970) showed th a t fo r  40 S co ttish  s o i l s ,  th e  l a c ta te  
so lu b le  phosphate was found to  be h igh ly  c o rre la te d  w ith  th e  
in te n s i ty  va lues (see  Section 3*1*3) as w ell as g iv in g  a- good 
com posite index of quan tity  and* in te n s i ty .
0 .5  M a c e tic  ac id  o f 1:5 so il:w a te r  r a t io  i s  now used by some 
advisory  chem ists in  Scotland and England to  e x tra c t 
phosphorus.
Lime and phosphate have been ex trac ted  u sin g  CaCl^ so lu tio n s
from 0.002 M — 0.05 M# Phosphate concen tra tion  in  th e
f i l t r a t e  was determ ined, then the a c t i v i t i e s  were c a lc u la te d .
I t  was found th a t  the  lime p o te n tia l was independent of
calcium  c h lo rid e  concen tra tion , b u t th e  phosphate p o te n tia l
o f n e u tra l  and a lk a lin e  s o i ls  was decreased as the  co n cen tra tio n
o f CaCl^ was increased . However, i f  allowance was made fo r
th e  form ation  of so lid  CaHPO. then th e  phosphate p o te n t ia l  was4
a lso  independent (Larsen 19^5).
3 .1 .8  Ion uptake by p lants*
The s o i l  environment is  an important fa c to r  which a f f e c ts  
n u tr ie n t  uptake by p la n ts . In  p ra c t ic a l  assessm ents o f 
n u tr ie n t  requirem ents considera tion  must be given to  the  
m icro-organism s and the p lan t i t s e l f .  N u trien t up take 
i s  c lo se ly  r e la te d  to  the  concen tra tion  o r **potential 
o f  in o rgan ic  ions in  the  s o i l  so lu tio n f e*g* th e  metabolism 
o f phosphate in to  nucleic  acid  and o ther compounds by
6
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b a c te r i a  can reduce the p roportion  of phosphate taken  up by 
th e  ro o ts .
R u sse ll (1970) in d ic a te s  th a t  th e  mechanisms which op era te  when 
th e  e x te rn a l so lu tio n  i s  d i lu te  d i f f e r  from th a t  a t  h ig h e r 
c o n cen tra tio n .
Higiribotham e t  a l  ( 1964) ,  ( 1967) in d ica ted  th a t  a l l  anions 
( i . e .  C l, and SO  ^ ) were a c tiv e ly  tra n sp o r te d  in to
th e  c e l l s  o f ro o ts  and coleopt l ie s  of o a ts  and ro o ts  and 
stems o f peas.
Na, Ca, and Mg e n te r  the  c e l l s  by an energy-dependent p rocess 
( i . e .  accum ulation r a t io  was in  excess o f one). They appear 
to  be  a c tiv e ly  sec re ted . However, because of the  low 
p e rm e ab ility  c o e f f ic ie n t of d iv a len t c a tio n s  they  a re  probably 
excluded ra th e r  than  a c tiv e ly  sec re ted  (Higinbotham e t  a l
1967).
I t  was suggested (Hodges 1973) th a t  v a r ia tio n s  in  th e  f i e l d  
s tre n g th  of b ind ing  s i t e s  on the ion c a r r ie r  a re  re sp o n sib le  
f o r  th e  s e le c t iv i ty  of ion absorp tion  by ro o ts . This 
s e l e c t iv i ty  o f ion absorption by ro o ts  was considered  (Hodges 
1973) to  be s im ila r  to  th e  s e le c t iv i ty  of ion b in d in g  to  a 
g la s s  e le c tro d e .
Hemwall (1957) mentioned th a t p lan t response to  s o i l  phosphorus 
i s  a  fu n c tio n  of th e  s o lu b il i ty  of th e  phosphorus p re sen t and 
any f a c to r  which a l t e r s  th i s  s o lu b i l i ty  w ill  a l t e r  th e  p la n t 
response*
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In  a d d itio n  to  e f fe c ts  o f s o i l  fa c to rs  on phosphate s o lu b i l i ty ,  
p la n ts  can in fluence  the  s o lu b il i ty  of s o il  phosphorus by some 
mechanism (Drake and Steckel 1955)» i*e , the  h igher th e  c a tio n  
exchange cap ac ity  of p lan t roots,- the more e f fe c t iv e  i s  the  
p la n t a t  u t i l i z i n g  both app lied  rock phosphate and n a tu ra l 
s o i l  phosphorus.
The q u a n tity  o f so luble phosphorus in  the  s o i l  has an effect- 
on th e  a v a i l a b i l i ty  of phosphate to  p la n ts . The theory  p resen ted  
by Mattson ejb a l (1949) on the a v a i la b i l i ty  o f phosphorus to  
p la n t i s  governed by the  p r in c ip le  o f the Donnan equ ilib rium .
The range o f the  g re a te s t s a l t  e f fe c t  on the  suppression  o f 
Donnan d is t r ib u t io n  req u ire s , fo r  example, a h igher s a l t  
c o n cen tra tio n  to  produce the same e ffe c t on the  anion uptake 
by peas as by ry e , because the  ro o ts  of the  peas have a  h ig h er 
exchange cap ac ity . The ou ter roo t membrane i s  re a d ily  permeable 
to  a l l  o rd inary  ions. This membrane f i t s  c lo se ly  on th e  inner 
p ro top lasm ic membrane. The inner membrane i s  com plicated in  
th e  mechanism o f se le c tio n  and ac tiv e  uptake o f ions which i s  
dependent on th e  physiology of the  p la n t. I t  was concluded 
th a t  th e  protoplasm ic membrane depends d ire c t ly  on th e  con ten t 
o f th e  o u te r  membrane and th e re fo re  only in d ir e c t ly  on th e  
s o i l  so lu tio n . s
Assuming th a t  only KH2P°4 was P resen t, th e  presence o f 
o th e r  s a l t s  suppress the  Donnan d is tr ib u tio n  and ev en tu a lly
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e q u i l ib r ia te  th e  f re e  ions o f the  system. In case o f Z ^  Zm /  s
and Y <  T m ^  s
s « s o i l
m » membrane
The a d d itio n  o f s a l t  would promote the  phosphate uptake
because Y^ would get la rg e r  and approach the  value of X which
in  tu rn  would approach the  p ra c t ic a l ly  u n a ffec ted  co n stan t
va lue  o f Y , The s a l t  e f fe c t would r a is e  Y towards a s m
maximum o f fo u r tim es more phosphate than th a t  o f th e  o u ts id e  
s o lu tio n f as p resen ted  by Mattson in  g raph ica l form below.
10
•H
1*7.- (0 .01  jO .001)
(0 .0 0 1 ,0 .0 1 )
108 - ______
X
A g rap h ic  re p re se n ta tio n  of the th e o re tic a l  d is t r ib u t io n  of 
io n s  between two c o llo id a l  phases. (Mattson e t  a l  1950)
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But when i t  i s  assumed th a t  Z >  z hence Y <  Y , th en  th es m s mT
a d d itio n  o f s a l t  would have th e  opposite  e f fe c t  and depress
th e  phosphate uptake because Y  ^ would be reduced (by fo u r
tim es th e  base  value  fo r  phosphate p e r u n i t  volume) Y .s
But when = Zg no e ffe c t of s a l t  would occur.
I t  was concluded th a t  the s a l t  e f fe c t  on th e  phosphate up take  
by p la n ts  growing in  a s o i l  seem to  depend, q u a n t i ta t iv e ly  as 
w ell as q u a l i ta t iv e ly  on th e  r e la t iv e  a c t i v i t i e s  o f th e  s o i l  
and membrane acidoids* The uptake should be favoured by a low 
s a l t  co n ten t i f  th e  ca tio n  exchange cap ac ity  of th e  s o i l  i s  
h ig h e r th an  th a t  o f the  membrane, whereas a  high s a l t  con ten t 
should  favour th e  uptake i f  th e  exchange cap ac ity  o f th e  ro o t 
membrane i s  th e  h igher.
I t  was found th a t  w ith peas th e  uptake o f th e  H^PO  ^ in  0,0025 N 
CaClg was g re a te r  than  in  0.0025 N KC1, and th e  l a t t e r  
s o lu tio n  was g re a te r  than  in  w ater. This was due to  th e  
a b i l i t y  o f CaCl2 to  suppress th e  d iffe ren ce  between X and Yffi more 
th a n  KC1.
M attson e t a l  (1949) concluded th a t  th e  uptake of phosphate by 
p la n ts  was shown to  be increased  by th e  ad d itio n  of n e u tra l  s a l t .  
This was due to  a  Donnan equilibrium  phenomena, th e  phosphate 
d i f f u s i b i l i t y  in c reases  as i t s  s o lu b i l i ty  decreases when s a l t s
a re  added*
M attson e t a l  (1950) p resen ted  h is  theory  o f th e  a v a i l a b i l i ty  
o f  phosphorus to  p la n ts  by p o s tu la tin g  th a t  an e l e c t r i c a l  double
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la y e r  e x is t s  a t  th e  in so lu b le  phosphorus s o i l  so lu tio n  in te r fa c e ,  
and a t  th e  s o i l  so lu tio n  p la n t roo t membrane in te r fa c e , and th a t  
th e  d is t r ib u t io n  of ions between the  in te r fa c e , d if fu se  double 
la y e r ,  and so lu tio n  i s  governed by the Donnan equ ilib rium  p r in c ip le .
The supply o f c a tio n s  should, however, be the  minor problem in  
p la n t n u t r i t io n  because th e  p la n t has two sources from which to  
draw th e  c a tio n s , those p a ired  w ith anions and th e  ca tio n s  ob ta ined  
by exchange between th e  hydrogen ions of the  ro o t ac id o id  and 
th e  s o i l  so lu tio n s .
Dean and Rubins (1945) and Islam (1956) showed th a t  an equal 
phosphorus uptake took p lace from both  th e  suspension and 
s o lu t io n . This lead  the  authors to  conclude th a t  a  mechanism 
o f  co n tac t exchange (Jenney and O verstrea t ^939) is  not a f a c to r  in  
phosphorus n u tr i t io n  of p la n ts , o r in  o th e r words i t  does no t 
c o n tr ib u te  to  phosphate uptake. This could be r e la te d  to  th e  
f a c t  th a t  th e re  was no d ire c t  con tact between th e  ro o ts  and th e  
s o i l  p a r t i c le s .
P la n t ab so rp tion  of exchangeable and so lub le  c a tio n s  du ring  
p e rio d s  o f r e la t iv e ly  low m oisture content (range below f i e l d  
c a p a c ity  and above th e  permanent w iltin g  percen tage) may tu rn  
s a l t  d if fu s io n  to  equilibrium  in  the  s o i l  system . Bear (1955) 
n o ted  th a t  d iffu s io n  i s  the  movement o f so lub le  s a l t  upward 
o r  downward in  th e  p ro f i le ,  a lso  th e  exchange o f  ca tio n s  in  
th e  i n t e r io r  o f m ontm orillonite and in te r la y e r  mica K w ith 
ca tio n s  in  th e  s o lu t io n is  a  d iffu s io n  re a c tio n . However,
L arsen (1967) defined  d iffu s io n  as the  tra n s p o r t  or movement
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o f  m olecules or ions where a d iffe ren ce  in  -concentration  e x is ts  
in  two p a r ts  o f a system ( l iq u id  and s o lid  phase), tend ing  to  
move th e  system towards equilibrium ,
W illiam s (1970) t r i e d  to  r e la te  the  uptake of p la n t n u tr ie n ts  
( e s p e c ia l ly  P and K) to  th e i r  quan tity  or in te n s i ty  value o r 
to  th e  com bination o f both  in  the  s o i l ,  While M attinglqy e t  a l  
( 1963) found in  h is  work th a t the  uptake o f phosphate by rye  
g ra ss  in  th e  e a r ly  s tages of growth i s  c lo se ly  r e la te d  to  th e  
l a b i l e  phosphate, (The follow ing scheme was p resn ted  by 
W illiam s (1970) fo r  la b i le  phosphate in  s o i l  so lu tio n  and 
s o l id  p h ase ):—
Slow Past
Nor>-labile la b i le  P -so lu tio n  ro o t su rface
IW soil P -so il
. The con clu sio n  reached was th a t  th e  mass flow  co n trib u te d  in
b r in g in g  ions to  th e  ro o t surface*
( 1966) considered  the operation of a s in g le  p la n t ro o t as an 
abso rb ing  c y lin d r ic a l  sink to  which n u tr ie n ts  move by d if fu s io n .
The r a t e  o f n u tr ie n t  uptake was assumed to  be p ro p o rtio n a l to  
i t s  co n ce n tra tio n  a t th e  roo t su rface .
Among s o i l  p ro p e r tie s , uptake should increase  d i r e c t ly  w ith th e  
s o i l  so lu tio n  concen tra tion . Uptake a lso  in c reases  (on ly  
slow ly) w ith  in c reas in g  b u ffe rin g  power and w ith  in c re a s in g  s o i l  
m o is tu re . Among p la n t c h a ra c te r is t ic s  uptake in c rease s  w ith  th e  
ro o t  ab so rp tio n  power u n t i l  d iffu s io n  through th e  s o i l  becomes
l im i t in g .
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Vaidyanathan and ' Ityre ( 1966) summarised th a t the  d if fu s io n  from 
s o i l  o f semi—in f in i te  th ickness is  d ire c tly  p ro p o rtio n a l to  
th e  square ro o t of the  d iffu s io n  tim e, u n t i l  about h a l f  th e  
co u n ter ions o r ig in a lly  on th e V e s in  have been exchanged by- 
u s in g  ion  exchange re s in  paper as a s ink , and they a lso  found 
th a t  th e  e f fe c t  o f the  counter ions of th e  re s in  on s o i l—ion  
f lu x  in  sm all b u t measurable*
3 .2  m e th o d s
3*2*1 P rep a ra tio n  o f  so lu tio n s fo r  measurement:
In  g en era l i t  was necessary  to  prepare th re e  so lu tio n s  namely
(1) The t e s t  so lu tio n  made from th e  s o i l  e x tra c t  as in  
S ec tio n  3*2.2*
(2) A standard  so lu tio n  prepared from a  known q u a n tity  o f  
th e  substance to  be estim ated a s  d escribed  in  S ec tio n  3*2. 3#
(3) A blank  so lu tio n  con tain ing  a l l  th e  re a g e n ts , bu t :
o f  th e  substances.
3*2.2 S o lu tion  and Reagent:
(D : 1 ml was taken  from f i l t r a t e
(2) 1 .2  ml 60$  p e rc h lo ric  ac id
(3) 1 ml o f  5$ ammonium molybdate
(4) 0*5 ml o f reducer reagent
(5) Volume was made up to  10 ml w ith  th e  so lven t which
was used  to  e x tra c t th e  s o i l ,  i . e .  e i th e r  w ater o r  a c e t ic  a c id  
The sample was l e f t  fo r  10 m inutes befo re  faeasu rin g in  an EEL
s
co lo rim e te r  u sin g  f i l t e r  609#
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R eagents:
(1) P e rc h lo r ic  a c id  60$
(2) Ammonium molybdate 5$
( 3) Reducing re a g en t.
0 .5  gm 1 -  amino -  2 nap tho l s u lfo n ic  a c id , and 30 gm 
o f  Na^ ^ 2^5 ^ gm o f Na^SO^ were ind iv idua lly -
weighed in  sep a ra te  weighing b o t t l e s .  A ll o f  them 
were d isso lv ed  to g e th e r  in  a 250 ml v o lum etric  f la s k  
and th en  f i l t e r e d  and s to red  in  a  w ell sea led  brown 
b o t t l e .  This so lu tio n  was prepared  each month.
3 .2 .3  S tandards:
5.0332 gm NaH^PO^ were weighed d i r e c t ly  in to  1000 ml v o lu m etric  
f la s k ,  u s in g  a weighing b o t t l e ,  and th e  sample d i lu te d  to  
volum e(stock A). 10 ml o f stock  so lu tio n  (a) were d i lu te d  to
100 ml g iv in g  100 ppm ( Stock B).
Stock (B) was immediately t r a n s fe r r e d  to  a  p la s t i c  b o t t l e  
which had been r in se d  w ith  th e  so lu tio n .
S tandards were prepared as  fo llow s
25 ml a liq u o t d i lu te d  to  50 ml volume g iv in g  50 ppm stan d ard
15 ml a liq u o t d i lu te d  to  50 ml volume g iv in g  30 ppm stan d ard
10 ml a liq u o t d i lu te d  to  50 ml volume g iv in g  20 ppm stan d ard
5 ml a l iq u o t  d i lu te d  to  50 ml volume g iv in g  10 ppm stan d ard
A ll th e se  so lu tio n s  were im m ediately t r a n s fe r r e d  to  p l a s t i c
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b o t t l e s .
A s tan d a rd  carve was drawn by p lo t t in g  co n cen tra tio n  a g a in s t the  
o p t ic a l  d e n s ity .
3 .2 . 4 E f fe c t o f s a l t  on P in  s o i l :
A s e r ie s  o f  100 ml samples o f  NaCl, Na2S0^f KC1, ^ S O ^ , MgCl^, 
MgS0^f CaCl^t CaSO^, were taken  from s o lu tio n s  co n ta in in g
0 , 2 , 5 » 10t 40 , 60 , 80 m eq/l and were added to  10 gm a i r  d ry  
s o i l  sample fo r  bo th  brown e a r th  and gleyed s o i l ,  bo th  to p  and 
sub s o i l  b a tch e s . They were shaken on a  ro ta ry  shaker f o r  16 
hours b e fo re  th e  s o i l  suspensions were f i l t e r e d  th rough  Whatman 
No 42 f i l t e r  paper u n t i l  a b so lu te ly  c le a r .  Then th e  so lu b le  
phosphate was measured.
3.2*5 Uptake o f P by s o i l :
15.61 gm o f  NaH^PO^ was d isso lv ed  in  one l i t r e  o f  two so lv e n ts , 
d i s t i l l e d  w ater and a c e t ic  a c id  0 .5  N.
Then 0 , 158, 415> 1550? 3100 mgP/100 ml so lu tio n  were p repared  
by ta k in g  0 , 13, 50 , 75 i 100 o f s to ck  so lu tio n  re s p e c tiv e ly  and 
com pleting th e  volume to  100 ml. These were added to  10 gm a i r  dry
s o i l  fo r  brown e a r th  to p  and sub s o i l .  They were shaken on a  
r o ta r y  shaker fo r  16 hours a t  18 -  21°C. The s o i l  suspension  
was f i l t e r e d  through Whatman No 42 to  give a  c le a r  e x tra c t  and 
th e  P o f  t h i s  was measured c o lo r im e tr ic a lly .
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3*2*6 E ffe c t o f s a l t  on P w ith  s o i l  t r e a te d  w ith  3*1 
mgP/10 gm s o i l :
About 10 gm a i r  dry  s o i l  samples fo r  brown e a r th , to p  and sub 
s o i l  were weighed out a c c u ra te ly . 1 ml from so lu tio n  c o n ta in in g  
310 mgP/100 ml was added to  dry  s o i l  and i t  was l e f t  7 hours 
b e fo re  th e  a d d itio n  o f 100 ml o f  KC1 so lu tio n  tak en  from th e  
s o lu tio n sc o n ta in in g  0 , 2, 5» 10, 40, 60, 80 meq/L. These were 
shaken on a  ro ta ry  shaker fo r  16 hours a t 18~21°C. Then th e  
s o i l  suspension was f i l t e r e d  through Whatman No 42 f i l t e r  paper to  
g ive  an a b so lu te ly  c le a r  e x tr a c t .  This was t r e a te d  w ith  1 :1 .2  
r a t i o  o f  e x tra c t  to  60$  p e rc h lo ric  a c id  and l e f t  in  a  w ater b a th  
fo r  30 m inutes to  o x id ise  th e  o rgan ic  m a tte r . Then th e  so lu tio n  
was cen tr ifu g e d  fo r  10 m inutes to  get r i d  o f  tu r b id i ty  which 
absorbs and s c a t te r s  l ig h t  and causes e r r o r ,  b e fo re  P was 
measured c o lo r im e tr ic a lly .
3*2* 7 E f fe c t o f s a l t  on P w ith  s o i l  t r e a te d  w ith  40 
mgP/10 gm s o i l :
10 gm a i r  dry  s o i l  samples fo r  brown e a r th , to p  and sub s o i l  
were weighed out a c c u ra te ly , then  t r e a te d  w ith  1 ml o f  Nal^PO^ 
s a l t  so lu tio n  co n ta in in g  4000 ragP/100 ml (20.13 gm NaH^PO^/
1000 m l). A volume o f  100 ml d i s t i l l e d  w ater co n ta in in g  
w eights o f s a l t  equ ivalen t to  a  s e r ie s  o f 0 , 2 , 5 » 10, 40 , 60 ,
80 m e q /l fo r  KC1,K2S04 , NaCl, NagSO^, MgClg, MgSO^ CaClg,
CaSO. s a l t s  were added. The samples were shaken on a  ro ta ry
4
shaker fo r  16 hours a t  18-21°C. Then th e  s o i l  suspensions were 
f i l t e r e d  through Whatman No 42 f i l t e r  paper to  g ive  a  c le a r  
s o lu t io n . The e x tra c t  was t r e a te d  th e  same a s  in  S ection  3*2.8
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by o x id is in g  th e  o rgan ic  m a tte r , and th e  P o f  t h i s  so lu tio n  
was a lso  measured c o lo rira e tric a lly *
/
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3 .5  R e s u l ts  and  d i s c u s s io n  
3*3.1 Uptake o f P "by s o i l ;
S o ils  were found to  have a  h ig h -ad so rp tio n  c a p a c ity  fo r
phosphate in  "both so lvents, a c e t ic  a c id  (0 .5  M) and d i s t i l l e d
w a te r , when a  s e r ie s  o f  d i f f e r e n t  co n ce n tra tio n s  o f  NaH^PO.2 4
from 158,. 415* 1550, 3100 ragP/100 gm were added.
I t  was found th a t  in  th e  case o f a c e t ic  a c id  th e  s o i l  had a  
g re a te r  c ap a c ity  to  adsorb phosphate than  from w ater, as shown 
in  Table ( 3 .1 ) .
T h is may be r e la te d  to  th e  presence o f  iro n  and aluminium 
compounds (a s  noted  by q u a l i ta t iv e  a n a ly s is )  which in c re a se s  
th e  s o i l ’ s a b i l i t y  to  adsorb phosphate in  a c id  m edia. This i s  
supported  by M attson e t a l  (1950).
W ith d ec rea s in g  pH the  re a c t io n  i s  as fo llow s
H+Sesquioxide-bound P ^  r - tT  Calcium-bound P
A lte rn a tiv e ly  W illiams and Saunders (1956) suggested  th e  e f f e c t  
cou ld  be  r e la te d  to  th e  breakdown o f th e  o c tah ed ra l la y e r  w ith  
subsequent m ig ra tio n  o f p a r t i a l l y  h y d ra ted  aluminium ions to  
b ase  exchange p o s it io n s  (T alibudeen 1957). These aluminium 
ions may be re sp o n s ib le  fo r  ty in g  up phosphate.
Phosphate ad so rp tio n  by s o i l  was found to  in c re a se  w ith  
in c re a s in g  phosphate c o n ce n tra tio n . "The reason  fo r  t h i s  
f a c t  i s  not known" (Kuo and Lotse 1972).
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At 415 rogP/lOO gm i t  Was found, when d i s t i l l e d  w ater was used  
a s  a  so lven t the  s o i l  adsorbed 25. 9$  to  30.0$ phosphate , but 
w ith  a c e t ic  a c id  a s  a so lven t th e  s o i l  adsorbed 31.8$ to  43 .2$ .
At h ig h e r o r lower co n cen tra tio n s  th an  415 gmp/100 gm th e  
c a p a c ity  o f s o i l  seemed to  be le s s  in  bo th  s o lv e n ts . This may 
be r e la te d  to  th e  a d so rp tio n  iso therm s fo r  phosphate (Barrow
ad so rp tio n
c o n ce n tra tio n
In  most cases th e  a b i l i t y  o f sub s o i l  to  adsorb phosphate was 
found to  be g re a te r  th an  fo r  top  s o i l .  This may be due to  th e  
p resence  o f  g re a te r  amounts o f  o rg an ic  m a tte r  in  to p  s o i l  th an  
sub s o i l  which reduces th e  e f fe c t  o f  s a l t  on th e  phosphate 
r e te n t io n ,  o r  could be r e la te d  to  th e  h ig h e r amount o f  
sesq u io x id es  in  th e  sub s o i l  (M attson ei^ ad 1950; W illiam s and 
Saunders 195^)•
The a b i l i t y  o f s a lin e  s o i l  (g leyed  s o i l )  to  ta k e  up phosphate 
was no t in v e s t ig a te d .
3.3*2 E f fe c t o f  s a l t  on P in  s o i l :
The s o lu b i l i ty  o f  n a tiv e  phosphate was found to  be decreased
s
a s  th e  co n cen tra tio n  o f  added s a l t  was in c re a se d , a s  shown in  
Table (3*2 ), A, B, C, D.
This could be r e la te d  to  th e  M attson e t a l(1950) th eo ry  :«
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When th e  s o i l  so lu tio n  i s  d i lu te d  ( c o n tr o l ) ,  th e re  w i l l  be a  
Donnan r e d is t r ib u t io n  o f ions from th e  in s id e  s o lu t io n  Y to  th e  
o u ts id e  so lu tio n  X o r in  o th e r  words Y d ecrea se s , b u t Y ten d s 
to  be co n stan t due to  th e  eq u ilib iru m  between th e  d is so lv e d  
phosphate Yp and th e  adsorbed phosphate Sp. In c re a se  o f  th e  
phosphate r a t io  must be caused by an in c re a se  o f  Xp
S p ----------  Yp -------------  Xp
In  th e  p resence o f  n e u tra l  s a l t  th e  r e a c tio n  goes in  th e  o p p o s ite  
d i r e c t io n
Sp- ------------  Yp —------------  Xp
The s a l t  induces phosphate ad so rp tio n  and sup p resses  th e  
s o lu b i l i ty  o f phosphate*
Or t h i s  could be re la te d  to  th e  replacem ent o f  calcium  a t  th e  
a d so rp tiv e  complex by o th e r  c a t io n s . An excess o f  calcium  
(a s  common ion) in  so lu tio n  d ecreases  th e  s o lu b i l i ty  o f  calcium  
phosphate (Lehr and Van Wesemael'. 1952)e
In  th e  case o f  th e  brown e a r th  t h i s  decrease  was found to  be
-5  —Smore th a n  in  g leyed  s o i l .  The range was 4*0 x 10 -  9*0 x 10
in  brown e a r th  s o i l ,  but in  g leyed s o i l  i t  was 0 .2  x 10 J -
✓ -5  —56 .5  x 10 except in  th e  case o f NaCl, i t  was 8 .9  x 10 .
s
The d if fe re n c e  in  th e  reduced s o lu b i l i ty  o f  phosphate in  brown 
s o i l  which was h ig h e r than  in  g leyed s o i l  could have been caused 
by th e  p resence o f  a la rg e r  amount o f  calcium  in  brown s o i l  
th an  in  g leyed  s o i l ,  a s  shown in  Table (2 .1 1 ) , o r  may be r e la te d
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to  th e  in c reased  form ation o f sesqu iox ide  -hound P (M attson 
e t a l  1950).
In  brown s o i l  th e  decrease  in  s o lu b i l i ty  o f  phosphate in  th e  
sub s o i l  was more than  in  to p  s o i l .  In  th e  to p  s o i l  th e  range 
was 4»0 x 10 7*6 x lO"^, b u t in  th e  sub s o i l ,  7 .7  x 10 ^ — 9 .0  x 10 ^
a t  80 meq/L • T his may be due to  th e  p resence o f  o th e r  compounds 
which decrease  th e  s o lu b i l i ty  o f phosphate . T h e ir p re sen ce  i s  
suggested  by th e  d if fe re n c e  in  percen tage  ig n i t io n  between to p  
and sub s o i l  o f  brown e a r th , a s  shown in  Table ( 2. 3) (Doughty 
1930, 1935).
In  th e  g leyed  s o i l  th e  op p o site  was found. The range in  th e  to p  
s o i l  was: 0 .4  x 10*^ -  8*9 x 10~^, b u t in  sub s o i l  i t  was 
1*0 x 10"^ -  4*4 x 10*"^,a t  80 meq/\ .
T h is  change in  s o lu b i l i ty  o f  phosphate may be r e la te d  to  th e  
h ig h e r percen tage  o f  o rgan ic  m a tte r in  th e  su rfa ce  th a n  in  th e  
sub s o i l  which r e s u l t s  in  a  re d u c tio n  in  th e  s o lu b i l i ty  o f  
n a tiv e  phosphate (Burd 1948) t o r could  be 
r e la te d  to  a  d if fe re n c e  in  CEC. A h igh  va lue  fo r  Z means a  
g re a te r  d if fe re n c e  between X and Y and a la r g e r  e f f e c t  o f  s a l t  
on th e  Xp/Yp r a t i o  (M attson e t a l  1950)*
The e f f e c t  o f  p a r t i c u la r  s a l t s  v a r ie d  between th e  s o i l  sam ples.
s
In  th e  s a l in e  gleyed  to p  s o i l ,  th e  a d d itio n  o f even h ig h e r 
co n cen tra tio n s  o f  MgSO  ^ and CaCl g (80 m eq/i) r e s u l te d  in  on ly  a  
s l ig h t  decrease  in  th e  s o lu b i l i ty  o f  phosphate , a s  shown in  
Table (3 .2  C) 0 .2  x 10"^ -  0 .4  x 10 ^mol p / l  r e s p e c t iv e ly ,  w hile
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w ith  th e  o th e r  s o i l  samples th e  phosphate s o lu b i l i ty  rem ained 
in  th e  same o rd e r , a s  shown in  Table (3 .2 , A ,B,D).
This could be due to  th e  presence o f high o rg an ic  m a tte r  in  
g leyed  s o i l  which could adsorb  calcium  and magnesium io n s , 
th e reb y  becoming in a c tiv e  to  e f fe c t  th e  s o lu b i l i ty  o f  phosphate . 
Thus th e  so lu b le  phosphorus would be a f fe c te d  by th e  added 
s a l t s ,  o r  th e  s l ig h t  decrease  could be due to  th e  e f f e c t  o f  
calcium  s a l t s  on th e  s o lu b i l i ty  which a re  in v e rse ly  
p ro p o r tio n a l to  th e  co n cen tra tio n  o f CaCl^ and MgSO  ^ (Denman 
196l,Longanecker and L yerly 1959).
In c re a s in g  th e  c h lo rid e  s a l t s  o f Na and K decreased  th e  
phosphate s o lu b i l i ty  to  a la rg e  ex ten t in  every case , as d id  
th e  su lp h a tes  as shown in  Table (3 .2 , A,B,C). These ta b le s  
show th a t  in  th e  case o f th e  su lp h a te  o f K a sm alle r red u c in g  
e f f e c t  on th e  s o lu b i l i ty  o f phosphate was no ted  th an  w ith  
c h lo rid e  s a l t ,  except w ith  gleyed sub s o i l s .  The Na s a l t  o f 
su lp h a te  behaved s im ila r ly  except in  th e  case  o f brown e a r th  
to p  s o i l ,  where th e  o p p osite  was t ru e .  For t h i s  reaso n , KOI 
was u sed  fo r  fu r th e r  experim ents.
This re d u c tio n  cou ld  be r e la te d  to  th e  d if fe re n c e  in  th e  e f f e c t  
o f  Cl and S0^ s a l t s  on th e  th ic k n e ss  o f th e  d if fu s e  double 
la y e r ,  which decreases the  s o lu b i l i ty  o f phosphate by 
ad so rp tio n  to  th e  m ic e lle r  atm osphere. M attson exp la in ed  t h i s  e f fe c t  
on th e  p r in c ip le  o f Donnan eq u ilib riu m  and more over th e  
e f f e c t  o f th e  s p e c if ic  n a tu re  o f th e  io n s , ( s iz e ,  h y d ra tio n ,
atomic weight, in addition to the valency).
This could  be r e la te d  to  th e  e f f e c t  o f sodium and potassium  
s a l t s  on th e  s o lu b i l i ty  o f calcium  s a l t s ,  i . e .  th e  s o lu b i l i ty  
o f Ca s a l t s  i s  d i r e c t ly  p ro p o r tio n a l to  th e  c o n c e n tra tio n  o f 
sodium and magnesium c h lo rid e s  ( Denman 1961? S h te m in a  1957? 
M arshall and S lusher 1966? Nakayama and Rasnick 1967 and 
Longenecker and ly e r ly  1959)*
The Tables (3*2, A,B,D, C) show th a t  th e  d if fe re n c e  betw een th e  
e f f e c t s  o f  th e  two K s a l t s  was g re a te r  in  th e  to p  s o i l  th an  in
sub s o i l .  I t  was 6 .5  x 1(T5 f o r  KC1 , 5 .4  x 1(T5 fo r  K2S04
—S —5in  th e  gleyed  top  s o i l  and 2 .2  x 10 fo r  KC1 and 3 .3  x  10
f o r  K^SO  ^ in  th e  g leyed  sub s o i l .  While in  brown e a r th  top
—5 —5s o i l  i t  was 7 .6  x 10 and 4 .5  x 10 and in  sub s o i l  i t  was
8 .3  x 10-5 and 7 .7  x 10-5  f 0T K^SO^ re s p e c t iv e ly  as
p re sen te d  in  P igs (5 ^ )  ^  (% 2 ) .
The d if fe re n c e  betw een th e  e f f e c t s  o f th e  two Na s a l t s  was 
alm ost e x ac tly  th e  same in  top and sub s o i l  o f brown e a r th .
I t  was 4 .5  x 10-5 f o r  Nac i t 4 .8  x 10“ 5 fo r  Na^O^ in  th e  
brown e a r th  top  s o i l ,  9 .0  x 10 ^*or NaCl and 8 .3  x 10 fo r  
Na^SO^ in  brown e a r th  sub s o i l ,  as p re sen te d  in  P ig  (2.1
In  th e  g leyed  s o i l  the  d if fe re n c e  was found to  be g re a te r  in  
th e  case  o f th e  Na s a l t  than  fo r  K s a l t ,  and g re a te r  in  th e  
top  s o i l  th an  in  sub s o i l ,  as p re sen ted  in  P ig  (3 . 2 )*
G enerally  an in c rease  in  th e  c h lo r id e  s a l t  o f M;g and Ca 
produced a s l ig h t  decrease  in  th e  s o lu b i l i ty  o f  phosphate , 
b u t th e  su lp h a te  s a l t s  produced an even sm alle r d ecrease , 
except in  th e  case  o f  brown e a r th  top  s o i l ,  where any su lp h a te  
s a l t  u sed  above, decreased  th e  a v a ila b le  phosphate more than  
th e  c h lo r id e  s a l t ;  calcium  s a l t s  in  g leyed  sub s o i l  gave 
s im ila r  r e s u l t s .
I t  can be  concluded from th e  above th a t  on- examining th e  
e f f e c t s  o f in d iv id u a l s a l t s  added, . s a l t s  o f 
monovalent an ions appear to  have a  g re a te r  e f f e c t  on d ec rea sin g  
th e  s o lu b i l i ty  o f phosphate than  s a l t s  o f  d iv a le n t an io n s, 
except in  th e  case o f brown e a r th  top  s o i l  w ith  Na and Mg 
s a l t s  and in  g leyed  s o i l  w ith  K s a l t .
3 .3 .3  E f fe c t  o f  s a l t  on P w ith  s o i l  t r e a te d  w ith  3*1 
mgP/10 gm s o i l :
Phosphate was added to  s o i l  samples to  study th e  e f f e c t  o f  
adding f e r t i l i z e r ,  as shown in  Tables (3 .3 )an d  ( 3 .4 ) .
The amount o f  phosphate added in  one s e t  o f t e s t s  was 
eq u iv a len t to  400 mgP/100 gm s o i l ,  s in ce  su b s id ia ry  experim ents 
showed th a t  t h i s  dosage gave th e  g re a te s t  phosphate r e ta in e d  
in  th e  s o i l ;  w hile in  a second s e r ie s  a  lower phosphate 
c o n ce n tra tio n , 31.0 mgP/100 gm s o i l  was u sed  to  re p re se n t a  
more r e a l i s t i c  le v e l  o f a v a ila b le  phosphate in  s o i l  f o r  p la n ts .
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KC1, in  va ry in g  co n cen tra tio n s  was added to  s o i l  samples w ith  
th e  r e a l i s t i c  phosphate dosage—31 mgp/100 gm s o i l .  I t  was chosen 
because in  th e  experim ent on th e  e f f e c t s  o f s a l t s  on n a tiv e  
phosphate a v a i l a b i l i ty ,  i t  had given approxim ately  s im ila r  
r e s u l t s  fo r  th e  brown and g leyed  s o i l s .
Experim ents were done w ith d i s t i l l e d  w ater and w ith  d i lu te  
a c e t ic  a c id  (0 , 5 M) as so lv en ts  to  study th e  e f f e c t  o f lower 
pH.
The s o lu b i l i ty  o f phosphate when KC1 s a l t  was added in  v a ry in g  
c o n ce n tra tio n s  to  th e  s o i l  samples w ith  a  r e a l i s t i c  phosphate 
dosage 31.0 mgp/100  gm s o i l ,  was found to  depend on th e  media 
used .
For brown e a r th  top  s o i l  th e  so lu b le  phosphate was h ig h e r 
where a c e tic  a c id  r a th e r  than  w ater was u sed  as th e  so lv en t 
in  th e  absence o f added KC1. This may be r e l a t e d  to  th e  
p resence o f h igh  amounts of calcium  bound phosphorus which 
in c re a se s  th e  s o lu b i l i ty  in  ac id  c o n d itio n . The o p p o s ite  was 
t r u e  fo r  sub s o i l  as shown from th e  r e s u l t s  in  Table (3 .3 ) .
This was due to  low ering o f th e  pH to  4 .5  which i s  more 
pow erful fo r  th e  e x tra c tio n  o f in so lu b le  phosphate th an  w ater. 
In  to p  s o i l  so lu b le  phosphate was 4 .4  x 10"^ mol P / l  when 
a c e t ic  a c id  was used  as so lv en t, b u t i t  was 2 .4  x  10*"^mol P / l  
in  d i s t i l l e d  w ater.
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In  sub s o i l  th e  f ig u re s  were 1.8 x 10*"”^  and 3 .2  x 10~^ r e s p e c t iv e ly .  
This may be r e la te d  to  th e  in c re ase  in  th e  fo rm ation  of 
sesqu iox ide  bound P which becomes more e f f e c t iv e  in  t h is  range 
o f  pH (M attson e t_a l  1950)*
Both th e  gleyed sub s o i l  and top  s o i l  were s im ila r  to  th e  brown 
e a r th  top  s o i l .  In  top  s o i l  w ith  a c e t ic  a c id  th e  s o lu b i l i ty  o f 
phosphate was 4 .0  x 10“ ^ mol P / l  "but in. w ater i t  was 2.2x10 mol
P/l.
In  sub s o i l  w ith a c e t ic  ac id  i t  was 3.8  x 10 mol P / l  in  water 
2*0r10’"^mo^  p /p  I t  was concluded th a t  th e  so lu b le
phosphate was g re a te r  in  top  s o i l  th an  in  sub s o i l .
But in  brown e a r th  s o i l  i t  was found on e x tra c t io n  o f s o i l  by 
w ater th a t  th e  sub. s o i l  had more so lu b le  phosphate th an  to p  
s o i l  b u t when a c e tic  a c id  was used  as s o lv e n t, th e  top  s o i l  had 
more th an  sub s o i l ,  as shown in  Table (3 .3 , A).
When KC1 co n cen tra tio n  was in c reased  i t  tended to  reduce th e  
phosphate s o lu b i l i ty  in  bo th  media fo r  top  s o i l .  In  a c e t ic  
a c id  i t  decreased  from 4»4 * 10*^ to  1.0 x 10mol. P / l  and, i n  
w ater from 2 .4  x 10""  ^ to  0 .8  x 10"*^. This ex p lan a tio n  may 
be  a t t r ib u te d  to  th e  M attson th eo ry  2—
For a  s o i l  co n ta in in g  KCl, th e  H2P°4  ~ C1 can ^ e
s
w ritte n
Xa2E°4 f TH2rc4 “ Xci /  Yci
On d i l u t i o n , d e c r e a s e s  f a s t e r  th an  XC1 and th e  r a t i o  th e re fo re
r)
in c re a se s  X » Y(Y + Z). As long a s  i s  c o n s ta n t,
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th e  corresponding  in c rease  o f th e  phosphate r a t i o  must he caused
by an in c re a se  of^pypO ^. This means th a t  th e  p ro g re s s iv e
a d d itio n  o f w ater to  the  s o i l  in c re a se s  th e  c o n c e n tra tio n  o f
phosphate in  so lu tio n  u n til^ H fP O . i s  no lo nger c o n s ta n t. The.2 4
a d so rp tio n  o f phosphate i s
Sp---------- ** Yp--------- ► Xp
bu t w ith  a d d itio n  o f  s a l t  th e  r e a c t io n  o f a d so rp tio n  o f  phosphate 
i s  rev e rsed
S p-*    Yp ^ -------   Xp
While in  ac id  media th e  ad so rp tio n  o f  phosphate was r e l a t e d  to  
t h i s  equation  as fo llow s
+Sesquioxide bound P t  ^ Ca-bound P
or ac id  
media
KC1 in c reased  th e  phosphate s o lu b i l i ty  in  b o th  media f o r  th e  
sub s o i l .  The experim ent was done in  d u p lic a te , a lso  th e  
r e s u l t s  are th e  mean o f th re e  read in g s  in  an a ttem pt to  e lim in a te  
e r ro r s  due to  th e  inhomogeneous n a tu re  o f th e  s o i l  sam ples.
In  w ater from 3 .2  x 10~^ to  6 .7  x lO"^, w hile  in  a c e t ic  a c id  
from 1.8 x  10""  ^ to  5 .0  x  10"^i]ioi
Under s im ila r  c o n cen tra tio n s  o f KC1 i t  was found th a t  phosphate 
s o lu b i l i ty  was reduced in  bo th  media fo r  top  and sub s o i l  o f 
g leyed  s o i l .
- 4In  b o th  media fo r  top  s o i l  i t  was decreased  from 4 .0  x 10 to
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0 .9  x 10"4 w ith a c e tic  ac id  and in  w ater from 2 ,2  x 10*^ to  
0 ,8  x 10-4 , w hile in  sub s o i l  i t  decreased  from 2,0  x  10*”^ to
0 .7  x 10*4 fo r  w a ter, and 3.8 x 10*"  ^ to  0 .8  x 10*^ w ith  a c e t ic  
a c id .
In a d d itio n , as KC1 in c reased  th e  s o lu b i l i ty  o f phosphate in  
each so lv e n t, th e  phenomenon could  be exp la ined  by sesq u io x id e  
p re sen t in  brown e a r th  sub s o i l ,  as no ted  by q u a l i t a t iv e  
a n a ly s is .  The presence o f sesqu iox ide  appears to  reduce th e  
amount o f phosphate more in  a c id  media. When s a l t  was added 
th e  a b i l i t y  o f sesqu iox ide  to  adsorb phosphate was decreased , 
and th e  s o lu b i l i ty  o f phosphate s ta r te d  to  in c re a se .
3 .3 .4  E ffects o f s a l t  on P w ith  s o i l  t r e a te d  w ith 
40 mgP/lO gm s o i l :
When high  c o n ce n tra tio n s  of phosphate were added (400 mgP/100 gra 
s o i l )  to  s o i l ,  th e  e f f e c t  o f d i f f e r e n t  ty p es  o f s a l t  was 
in v e s t ig a te d .
The d i f f e r e n t  types o f s a l t  were a l l  found to  decrease  th e
s o lu b i l i ty  o f phosphate, as shown in  Table (3.4* A,B).
I t  was found th a t  Cl s a l t  had a s l ig h t ly  g re a te r  e f f e c t
th an  th e  SO* , as found in  th e  experim ents on n a tiv e  phosphate .
4 7
The o rd e r of d ecreasin g  th e  s o lu b i l i ty  o f added phosphate 
(P ig . 3) was
Cl s a l t  a t  10 meq/l top  s o i l  and sub s o i l  r e s p e c t iv e ly : -
Ca >  Mg >  K > >  Na 
3*0 P* 2.1 ^ 1 * 5  1.1 (Top s o i l )
2*2 2 .0  >  1.9  ^ 1 . 7  (Sub s o i l )
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S0^ s a l t  a t  10 meq/l top  s o i l  and sub s o i l  r e s p e c tiv e ly
Ca ^  K ^  Na
2»0 ^  1 . 4  ®»9 0*7 (Top s o i l )
^  1*7 >• 1*6 "> 1 .5  (Sub s o i l )
The o rd e r in  which c a tio n s  were found to  decrease  th e  s o lu b i l i ty
o f  phosphate was th e  same as th e  ly o tro p ic  s e r ie s .
M attson suggests  th a t  th e  a b i l i t y  o f  th e  ion  to  g a th e r  an 
atmosphere o f w ater m olecules reduces i t s  a b i l i t y  to  d if fu s e  
through th e  double la y e r  dep ress in g  th e  p o te n t ia l  d if f e re n c e  
and thereby  low ering th e  phosphate s o lu b il i ty *  o r in  o th e r  
words th e  a c t i v i ty  o f ions was reduced* (v a l id  fo r  monovalent 
s e r ie s )*  o r may be r e la te d  to  th e  s o lu b i l i ty  p roduct o f th e  
phosphate s a l t .
For n a tiv e  phosphate most c h lo r id e s  decreased  th e  s o lu b i l i ty  
o f phosphate more than  su lp h a te s . This tre n d  i s  s l ig h t  fo r  
added phosphate. This may be because th e  p ro cesses  by 
which th e  phosphate e n te rs  so lu tio n  a re  d i f f e r e n t  in  the , 
two cases* o r may be r e la te d  to  th e  d if fe re n c e  in  c o n c e n tra tio n s  
o f  phosphate.
The p resence  o f s a l t s  in  s o i l  may have an im portan t e f f e c t  on 
up take  o f phosphate by p la n ts .  The p la n t s o i l  r e la t io n s h ip  
however was no t in v e s t ig a te d . *
M attson e t  a l  (1949) found th a t  n e u tra l  s a l t s  in c re a se  th e  
u p take  o f phosphate ionsby p la n t .  This e f f e c t  i s  exp la ined  
on th e  b a s is  o f  th e  Donnan d i s t r ib u t io n  o f  th e  io n s . T his
■theory was f i r s t l y  te s te d  on a sim ple cellophane membrane.
I t  was found th a t  th e  a d d itio n  of s a l t s  cau se !a  more ra p id  
d if fu s io n  o f ions through th e  cellophane membranes. The amount 
o f  phosphate d iffu se d  through th e  membrane was found to  agree 
w ith  bo th  th e  ly o tro p ic  e f f e c t  and v a lence  e f f e c t  (Na< K< M g<Ca),
Mattson et a l  (1949) noted th a t the d if fu s io n  o f phosphate ac id  
is  considered to  be a fu n c tio n  o f pH ( H^P0^ H^PO^"” ,>  HPO^"").
There i s  no doubt^ app ly ing  th e  th eo ry  mentioned above to  th e  
l iv in g  ro o t membrane as w ell as to  th e  ce llophane membrane, th e  
up take  o f phosphate ions i s  a f fe c te d  by “th e  c o n c e n tra t ion .
However th e  up take  o f ions by p la n ts  depends on th e  n a tu re  o f  
th e  s o i l  exchange complex w ith  which th e  ro o t a c id o id s  have to  
compete.
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Table (3 .1 )
The capacity of so il  to retain  phosphate
Added 
mgP/100 gm
Brown earth  
top s o il  
$  re ta in e d
Brown earth  
sub s o i l  
fo  re ta in e d
h 2o A cetica c id H2°
A ce tic
ac id
3100 7 .5 25 .8 9 .7 2 4 .7
1550 9 .8 25 .8 16.5 32.1
415 25.9 31 .8 30 .0 4 3 .2
158 10.8 27 .6 8 .6 26.1
R esults  are  the  mean o f th e  two s o i l  samples a n d  are  
measured in  t r ip l i c a t e .
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Table (3 .2 )
The e ffec t  of sa lt on the so lu b ility  of native phosphate
A — Brown e a r th  to p  s o i l
Cone.
meq/l
x 10~3 m olP /l
NaCl Na2S°4 XCl K2S04 % C12 MgS04 CaCl2 CaSO „ 4
0 10.9 10.9 10.9 10.9 10.9 10.9 10.9 10.9
2 7 .7 7 .7 5 .5 7 .7 7 .7 7 .6 7 .6 7 .7
5 7 .8 7 .7 5.1 7 .8 7 .5 7 .4 7 .4 7 .4
10 7 .7 7.1 4 .0 7.1 7 .4 7 .4 6 .9 6 .5
40 6 .6 6 .5 3 .8 6 .6 7 .4 6 .8 6 .8 nd
60 6 .5 6 .3 3 .3 6 .5 7 .3 6 .8 6 .6 nd
80 6 .4 6.1 3 .3 6 .4 6 .9 6 .5 6 .5 nd
0-80 4 .5 4 .8 7 .6 4 .5 4 j0 4 .4 4 .4
B - Brown earth  sub s o i l
- 5x 10 J  mo■i p / i
Cone.
meq/l NaCl NaoS0- 2 4 KC1 K2S04
% c i2 MgS04 CaCl2 CaSO.
4
0 12.2 12.2 12.2 12.2 12.2 12.2 12 .2 12 .2
2 12.2 8 .8 8 .8 8 .9 8 .7 9 .0 8 .3 8 .5
5 6 .7 7.1 8 .1 8 .5 7 .8 8 .1 7 .7 7 .8
10 6 .7 6 .8 7.1 7 .5 6 .8 7 .1 7 .1 7 .7
40 4 .4 6 .0 6 .1 6 .4 5 .2 5 .9 6 .1 nd
60 3 .3 5 .2 4 .1 4 .4 3 .6 4 .1 3 .7 nd
80 3 .2 3 .9 3 .9 4 .5 3 .8 4 .2 3 .8 nd
0 -8 0 9 .0 8 .3 8 .3 7 .7 8 .4 * 8 .0 8 .4 nd
nd *= not determined
R esu lts  a re  th e  main o f  th e  two s o i l  samples and 
measured in  t r i p l i c a t e .
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Table (3 ,2 )
The e ffec t of sa lt  on the so lu b ility  of native phosphate
C «** Gleyed top  s o i l
Cone.
meq/l
x 10”"5 molP/L
UaCl Ra2S°4 KCl *feCl2 % so4 CaCl2 CaSO^
0 9 .8 9 .8 9 .8 9 .8 9 .8 9 .8 9 .8 9 .8
2 9 .8 9 .8 9 .7 9 .8 9 .8 9 .7 9 .7 9 .7
5 6 .5 7 .4 6 .7 8 .7 9 .4 9 .7 9 .3 9 .4
1° 5 .4 7 .4 6 .6 7 .6 9 .4 9 .7 9 .2 9 .3
40 4 .2 6 .8 7.1 4 .4 8 .1 9 .6 9 .0 nd
60 3 .3 6 .8 3 .3 4 .4 7 .1 9 .6 9 .0 nd
80 0 .9 6 .8 ' 3 .3 4 .4 6 .5 9 .6 9 .4 nd
0 -80 8 .9 3 .0 6 .5 5 .4 3 .3 0 .2 0 .4 -
D - Gleyed sub s o i l
x 1 0 ^  m olP /l
Cone.
meq/l ITaCl Na^SO^ KCl K2S04 % c i2 % so4 CaCl2 CaSO . 4
0 7 .7 7 .7 7 .7 7 .7 7 .7 7 .7 7 .7 7 .7
2 7 .7 7 .7 6 .6 7 .7 7 .7 7 .7 8 .9 7 .1
5 6 .7 7 .4 6 .6 5 .5 6 .5 6 .5 7 .7 7 .1
10 6 .7 7 .2 5 .5 4 .4 6 .5 6 .5 6 .9 6 .8
40 6 .6 7 .2 5 .5 4 .4 5 .0 6 .5 6 .7 nd
60 5 .5 6 .7 5 .5 4 .4 4 .9 6 .5 3 .5 nd
80 3 .3 6 .7 5 .5 4 .4
cc« 6 .1 3 .5 nd
0-80 4 .4 1 .0 2 .2 3 .3 2 .9 1 .6 4 . 2 ' -
nd es not determ ined
R esu lts  a re  th e  mean o f th e  two s o i l  samples 
and measured in  t r i p l i c a t e
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Table (3 .3 )
The e ffec t of KCl sa lt  on the so lu b ility  of added phosphate
31 mgP/100 gm s o il  was added.
A - Brown earth  s o il
Brown earth  top s o il Brown earth sub s o i l
Cone.
meq/l
H2°
A cetic
ac id H2°
I  10"4 mol P / l  
A cetic  
a c id
0 2 .4 4 .4 3 .2 1 .8
2 2 .6 3 .3 3 .2 1 .4
5 1 .9 2 .4 3 .3 1.1
10 1 .3 1 .0 3 .2 1 .5
40 0 .9 1 .3 3 .1 2 .5
60 0 .9 1 .3 5 .0 5 .1
80 0 .8 1 .0 6 .7 5 .0
0 -8 0 1 .6 3 .4 - 3 . 5 -  3 . 2
B - Gleyed s o il
Gleyed top s o il Gleyed sub s o i l
Cone.
meq/l
H2°
A cetic
ac id
X
h 2o
10- 4  mol P / l
A ce tic
a c id
0 2 .2 4 .0 2 .0 3 .8
2 2 ,0 3 .8 1 .8 3 .5
5 1 .6 2 .5 ' 1 .3 3 .2
10 1 .2 2 .0 1.1 2 .0
40 0 .9 2 .5 0 .9 2 .2
60 0 .8 1 .5 0 .8 1 .8
80 0 .8 0 .9 0 .7 0 .8
0-80 1 .4 3.1 1 .3 3 .0
R esu lts  are th e  mean o f  two s o i l  samples and measured in
t r i p l i c a t e .
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Table (3 .4-)
The e f f e c t  o f s a l t  on th e  s o lu b i l i ty  o f added phosphate 
400 mgP/100 gm s o i l ,
A — Brown e a r th  to p  s o i l
Cone,
meq/100
ml
x 10~3 m olP /l
JJaCl Na„S0„ 
2 4 KCl k2so4 MgCl2
% so4 CaCl2 CaSO.
4
0 8 .0 8 .0 8 .0 8 .0 8 .0 8 .0 8 .0 8 .0
2 7 .7 7 .8 6 .7 7 .8 6 .8 7 .2 6 .0 6 .6
5 6 .9 7 .7 6 .7 7 .5 6 .5 6 .8 5 .2 6 .4
10 6 .9 7 .4 6 .5 7.1 5 .9 6 .6 5 .0 6 .0
40 6 .4 7 .0 6 .4 6 .6 5 .6 6 .3 4 .8 nd
60 6 .3 6 .4 6 .0 6 .1 5 .4 6 .0 4 .6 nd
80 nd nd nd nd nd nd nd nd
0 -10 1.1 0 .7 1 .5 0 .9 2.1 1 .4 3 .0 2 .0
B — Brown e a r th  sub s o i l
Cone.
meq/100
ml
x 10-8 m olP/l
NaCl Na2S04 KCl K2S04 MgCl2
% so4 CaCl^ CaS04
0 8 .3 8 .3 8 .3 8 .3 8 .3 8 .3 8 .3 8 .3
2 8 .1 8 .2 7 .5 8 .0 7 .5 8 .2 7 .3 7 .4
5 6 .7 6 .8 7 .2 6 .8 7 .4 7 .8 6 .4 6 .4
10 6 .6 6 .8 6 .2 6 .7 6 .5 6 .6 6 .1 6.1
40 6 .5 6 .8 6.1 6 .5 5 .1  * 6 .4 5 .3 nd
60 6 .4 6 .7 6.1 6 .5 5 .8 6 .1 5 .2 nd
80 6 .4 6 .7 6.1 6 .5 5 .8 5 .8 5 .2 nd
0 -1 0 1 .7 1 .5 1 .9 1.6 2 .0 1 .7 2 .2 2 .2
nd *s not determ ined
R esu lts  a i^ th e  mean o f two s o i l  samples and measured in  
t r i p l i c a t e .
Salt 
concentration 
(80 
me q
/i)
Concentration of p x 10T^ MolP/l 114
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CHAPTER FOUR
THE EFFECT OF SALT ON THE DISSOCIATION OF CaCCU
4*1 IHTRORTJCTIOH
The s o lu b i l i ty  o f CaCO  ^ i s  c o n tro lle d  by th e  pH. The pH 
i s  dependent on th e  amount o f CO  ^ p re s e n t. The c o n ce n tra tio n  
o f  COg in  th e  atmosphere i s  0.03% w hile  i t  i s  up to  4% in  w et, 
warm s o i l s  when i t  reach es  to x ic  le v e ls .
This in c re ase  in  th e  co n cen tra tio n  o f  CO  ^ may be r e la te d  to  
th e  a c t i v i t y  o f m icro-organism s and r e s p i r a t io n  o f  ro o t 
system s, which i s  ve ry  im portant to  th e  p la n t grow th.
The pH value  o f d i s t i l l e d  w ater i s  about 5«7* This i s  r e la te d  
.to  th e  co n tac t o f w ater w ith  th e  CO  ^ from atm osphere which 
reduces th e  pH value  from n e u tra l  to  s l i g h t ly  a c id f as 
expressed  by th e  e q u a tio n s :-
The pH o f  pure w ater in  eq u ilib riu m  w ith  atm osphere -
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HC03~ H+ + CO^
PK [ h +1
[ HC03_]
10"3*5
HgO -  -^ = r h+ + OH
K „  ^  C H*1 [oH ~3HgO » ------- --------------M
10~14
H2C03 , ** ,v *CO
- 1 .5  ^
2
When Pco a 10“ 3*5 atmosphere
["*] - k ]
C»*T ■ 10“^*4 x 10"1*5 x 10~3*5
10“ 11*4
pH = 5*7
The a c t i v i t y  o f CO  ^ however, i s  reduced hy th e  complez form ing 
a b i l i t y  o f  CO  ^ (Sverdrup 1942) .  In  a d d itio n  Ca and Mg 
in te r a c t  w ith  CO  ^ and HCO^  to  form so lu b le  coraplezes (Greenwald 
1941). The e x is t in g  eq u ilib riu m  a t  22°C when th e  io n ic  s tre n g th  
o f  th e  so lu tio n  i s  equal to  0 .15  i s  a s  fo llo w s
+ m Ca2+ m HCO ~
88 3
m CaHC03+
1.6 x 10~1
K CaHCO3^ _ +
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K Mg HCC>3+ m Mg2+ m HC03' 
m Mg HC03+
» . . .  1.7 x 10,-1
K CaCO o ® Ca2+ a . CO3
m CaC03° 
1 x 1<T3
m Mg2+ *  CO "  ® _________________
m MgCOj0 
4 .3  i  10"3
I t  has been s ta te d  (Harvey 1957) th a t  n e u tra l  s a l t s  g r e a t ly  
in c re a se  th e  s o lu b i l i ty  o f  c a l c i t e .
Most o f  th e  complexing o f  m ajor d is so lv e d  sp ec ie s  and 
im portan t a sp e c ts  o f complexing o f  minor sp ec ie s  can be 
r e la te d  to  th e  fo rm ation  o f  ion  p a i r s  in  s o lu t io n . Ion  p a i r s  
can be exp lained  on th e  b a s is  o f  a  d e f ic ie n c y  o f  f r e e  ions 
in  s o lu t io n , due to  th e  sh o rt range in te ra c t io n s  between 
c lo se ly  ad jacen t ions u s u a lly  in  p a i r s  (co v a len t bond).
The eq u ilib riu m  constan t can be expressed  a s  a s s o c ia t io n  
c o n s ta n t, o r th e  re c ip ro c a l o f  t h i s .
The d is s o c ia t io n  constan t ( th e  p ro p o rtio n  o f u n d isso c ia te d  
s a l t  in  th e  so lu tio n )  fo r  some d is so lv e d  sp ec ie s  in  aqueous 
so lu tio n  a t  25°C i s  as shown in  Table (4*5)•
The mass a c tio n  exp ression  i s  co n stan t on ly  in  d i lu t e  s o lu t io n s , 
w hile  in  more co n cen tra ted  s o lu tio n s  in te r io n ic  a t t r a c t i o n
<&
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must be considered  because o f t h e i r  a b i l i t y  to  form complexes, 
The d is s o c ia t io n  o f w ater can be re p re se n te d  as
H+ - + 0H“
Each o f  th e  ions i s  hydra ted  to
H :0- + H SO. — —  H VO- H+ + :0* H
H H H
H2° + H2° H30+ + 0H~
However, th e  degree o f d is s o c ia t io n  o f  w ater i s  v e ry  sm a ll. In
- 7pure w ater th e  co n cen tra tio n  o f  hydrogen ions i s  1 x  10 M and the  
co n ce n tra tio n  o f  OH ions i s  th e  same.
The f re e  ions in  eq u ilib rium  w ith  th e  ion p a i r s  in  s o lu t io n  o f  
a  g iven  io n ic  s tre n g th  w il l  have ion a c t i v i t y  c o e f f ic ie n ts  
a p p ro p ria te  to  t h e i r  p a r t ic u la r  io n ic  s t re n g th . These a c t i v i t y  
c o e f f ic ie n ts  could  be c a lc u la te d ( fo r  d i lu te  so lu tio n  only) 
from th e  . Deby&-Huckel th e o ry  (1923)
PFi  = -  lo g  f i
1 + B d i >]T ~
A » constan t fo r  w ater dependent on th e  tem p era tu re
B s* constan t dependent on th e  v a lu e  o f d i  ( io n ic
diam eter)
Z± ■ valency
io n ic  s tre n g th  ( I  -  Z. )
^  i  1
co n cen tra tio n  ( in  moles )
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For s in g le  io n ic  sp ec ie s  th e  c o n tr ib u tio n  o f  ions to  th e  io n ic  
s tre n g th  i s  : -
U n i-u n iv a len t 1:1 v a len t e le c t r o ly te  e .g .  NaCl, KCl I  » M 
U n i-b iv a len t 1:2 ” ” e .g .  MgCl^t CaClg I  “ 3M
B i-b iv a le n t 2:2 " " e .g .  MgSO^, CaSO^ I  » 4M
The d is s o c ia t io n  o f  th e  c a tio n s  depends not on ly  upon v a lency  but 
a lso  upon o th e r  f a c to r s ,  amongst which a re  atom ic volume and th e  
degree o f  hy d ra tio n  o f th e  io n s .
The sm aller th e  volume o f  th e  c a tio n  th e  g re a te r  th e  h y d ra tio n ,
i . e .  th e  g re a te r  th e  number o f  w ater m olecules a tta c h e d  to  th e  
io n s , which reduces i t s  e f fe c t iv e  e l e c t r o s t a t i c  charge.
The h ig h e r th e  valency  and th e  lower th e  h y d ra tio n  th e  more 
e a s i ly  th e  ion  i s  a t t r a c te d  to  th e  op p o site  s ign  o f  charge 
round an o th er ion  (Eigen and Wicke 1954)*
The ions move in  a  random mannen I f  one focussed  a t t e n t io n  on 
one io n , th a t  ion  would be surrounded more by o p p o s ite ly  charged 
io n s  th an  by l ik e  charges. An ion has th e re fo re  an o p p o s ite ly  
charged ion  atm osphere. The ion  atmosphere around each ion  i s ,  
o f  co u rse , b e t t e r  form edat h igher c o n c e n tra tio n s . Hox-zever, 
h ig h e r c o n ce n tra tio n s  a re  not d e a lt  w ith  by th e  Bebye-Huckel 
th e o ry , b u t i t  i s  o f te n  d ire c te d  to  th e  fo rm ation  o f ion  p a i r s .
I t  was concluded (G a rre ls  and C h ris t 19^5) th a t  th e  pK value  fo r  
ion  p a ir s  i s  independent o f  c a tio n  s iz e  and in  fa c t  a l l  d iv a le n t 
MeSO^° ion  p a ir s  in  so lu tio n  have n e a r ly  th e  same pK = 2 . 3 *
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S im ila r ly , a l l  monovalent MeSO^ "" p a ir s  a lso  have about th e  
same pX a 0*8
None o f th e  m ajor c a tio n s  o f n a tu ra l  w ater seem to  in te r a c t
s ig n if ic a n t ly  w ith  ch lo rid e  io n sto  form ion  p a i r s .  T his
in te r a c t io n  can occur w ith  Na, Ca, Mg w ith  each o f  th e  an ions
S O ' ,  HCO ~ and CO '  w hile  K in te r a c t s  on ly  w ith  S0/~ .4 1 3 3 4
T e n ta tiv e ly  th en  th e  im portant d isso lv e d  sp ec ie s  in  sea  ­
w ater may inc lude  K+ , KSO  ^ Na* NaC0^~, NaHCO^, NaSO^""
C a * f CaHC03+ f CaCO^, CaSO^, Mg2**, MgHCO* , MgCO^, MgSO^, 
HCO^"", C03' ,  S0^~ and Cl"* (G a rre ls  and C h ris t 19^5)*
The a c t i v i t y  c o e f f ic ie n ts  fo r  v a rio u s  sp ec ie s  in  sea  w ater 
(charged and uncharged) a t  0.7  io n ic  s tre n g th  a re  shown 
in  Table (4 .7 ) .
The a n a ly t ic a l  value g iven fo r  SO^”  which can be d e sig n a ted  
MSO^' t o t a l ,  can be equated to  th e  sum o f  th e  v a rio u s  sp ec ie s  
co n ta in in g  su lp h a te  as  fo llow s
mS 0 *  t o t a l  * ®SO/" + mKS0~ ta c a S O . 0 + ^MgSC® + a s o / *  f r e e  4 4 4 4 4 4
p
For a  fix ed  a c t i v i t y  o f  w a te r , th e  a c t i v i t y  o f  CaSO i s  a lso
4
f ix e d , and any in c re ase  in  th e  SO^' con ten t o f  sea  w ater (by 
evaporation) w il l  in c rease  th e  f r a c t io n  o f  th e se  ion  p a i r s  
p re sen t a s  CaS0^° o r  MgS0^°. '
Gypsum beg ins to  p r e c ip i ta te  a t  eq u ilib riu m  from co n cen tra ted  
sea w ater a s  fo llow s
fcaSo/j J y } 2 = Kgypsum
C a S O ^  -  C a ^  + SO^ ^  
KCaS04°  = Q a ^ ]  ['S 04“1
f aS°4 °]
where L » l iq u id
The chem ical model o f sea  w ater i s  p re sen te d  in  term s o f th e  
anions SO^", HCO^ ”* and
Mfore than  30$ o f S0^"“ and i s  t i e d  up as ion  p a i r s ,  w ith
c a tio n s , whereas 90% o f the  t o t a l  CO^" i s  complexed.
From Table (4-5)  i t  i s  c le a r  th a t  th e  d is s o c ia t io n  co n stan t 
fo r  Ha s a l t s  is. more than  %  s a l t s .  Thus Kg s a l t s  produce 
more io n ic  p a ir s  than  Na s a l t s  (see  Garries and C h ris t 1965)♦ 
Table ( 4 . 6 ) .
The r e la t iv e ly  high s t a b i l i t y  o f th e  MgCO^ 0 ion  p a ir s  in d ic a te s  
th a t  Kg e x e r ts  an im portant in d ir e c t  c o n tro l on CaCO^ s o lu b i l i ty  
which r e s u l t s  in  a major r e d is t r ib u t io n  o f CO^  between th e  
atmosphere and th e  ocean.
The eq u ilib riu m  co n stan t fo r  CaCO  ^ as p re sen te d  (G a rr ie s  and 
C h ris t 1965) a t  25°C i s  as fo llow s
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KCaC03 0**1 W if CaCO
‘2 ~ 3
r w ]
i o ^ ' a
W -  -  M  C oo “ ]
kc° 2
p o o 3- ]
10-10- 3
CH2C°3]
H  g
1 0 - 1 . 4 7
4 .2  METHODS 
4# 2. 1 P rep a ra tio n  o f. s o lu tio n s  f o r  measurement?
25 ml o f e x tra c t  were taken  and pu t in  a co n ica l f l a s k .  A 
few drops o f phen o lp h th a le in  so lu tio n  were added, and th e  
l iq u id  t i t r a t e d  w ith  s tan d ard  ^ ^ 4  ^ e. co lo u r
d isap p eared , then  th re e  drops o f methyl orange s o lu tio n  were 
added and th e  t i t r a t i o n  was con tinued  u n t i l  th e  in d ic a to r  
tu rn ed  re d . The volume o f  a c id  used was recorded ; th e  
t i t r a t i o n  was rep ea ted  w ith  d i s t i l l e d  w ater.
4*2.2 Reagents:
P heno lph tha le in : 0*5 gm p h en o lp h th a le in  in d ic a to r  was
d isso lv ed Nin  50 ml o f  a lco h o l and 50 ml 
H^ O were added.
S tan d a rd iza tio n  o f H^SO.j2 4
I t  was t i t r a t e d  a g a in s t s tan d ard  HaOH to  f in d  i t s  exact 
c o n ce n tra tio n .
4*2.3  E ffe c t o f  s a l t s  (HaClt MgCl ) on th e  s o lu b i l i ty  o f
CaCO. in  d i s t i l l e d  w ater (e q u ilib r iu m  w ith  atm ospheric CO2 )
. *r- '
0*1 gm CaCO  ^ was weighed a cc u ra te ly  and added to  a  s e r ie s  o f 
100 ml o f 0 , 2f 5f 10 , 40 , 60 , 80, 100 meq/l o f  HaCI, IfeCl^', and a 
m ixture of MgCl^ + NaCl was a lso  added. This was done a lso  
w ith  1e0 gm CaCOy
The samples were shaken on a ro ta ry  shaker fo r  18 hours a t  
17.5°C; th e  pH of th e  suspension  was then  measured. Suspensions 
were f i l t e r e d  through Whatman Ho 42 f i l t e r  paper to  g iv e  a 
c le a r  s o lu tio n . The Ca o f t h i s  so lu tio n  was measured 
bj? atom ic ab so rp tio n .
4 .2 .4  E ffe c t o f su lp h a te  and c h lo rid e  s a l t s  o f Ha, K and 
Mg on th e  s o lu b i l i ty  o f CaCO by shaking  w ith  s o i l  
t r e a te d  w ith  1 gm CaCO^:
10 gm each o f  to p  and sub s o i l  samples of brown e a r th  were 
t r e a te d  w ith  1 gm o f powdered CaCOy
A volume o f 100 ml d i s t i l l e d  w ater co n ta in in g  w eights o f s a l t s
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eqiiivalen-t -to a s e r ie s  o f 0 , 10, 40 meq/l o f  NaCl, Na^SO^, KCl, 
K^SO^, MgCl and MgSO^  s a l t  were added.
These samples were shaken on a ro ta ry  shaker fo r  16 hours a t  
18 — 21°C, then th e  s o i l  suspensions were f i l t e r e d  through 
Whatman No 42 f i l t e r  paper. The c o n ce n tra tio n s  o f Ca, Na, K,
Ca and Mg in  th e se  s o lu tio n s  were measured.
4*2,5  E ffe c t o f NaCl, MgCl. and NaCl + MgCl_ s a l t s  on the_  
s o lu b i l i ty  o f CaCO py leach in g  w ith  s o i l  t r e a te d  
w ith  1 gm CaCOy **
1 gm o f CaCO  ^ powder was weighed out a c c u ra te ly  and added
to  a  m ixture o f 10 gm s o i l  samples w ith  10 gm ac id  washed
sand. The c o n s ti tu e n ts  were added to  fo u r columns and were
prepared  as above. Then th e  columns were washed w ith 4 x 100
ml o f H20 , 1000 meq/l NaCl, 1000 meq/l KgClg and (500 meq/l
NaCl + 500 meq/L MgCl^) re s p e c tiv e ly , and 100 ml o f  th e
le ac h a te  o f each was c o lle c te d  se p a ra te ly . Each column was
then  l e f t  w ith  100 ml so lu tio n  fo r  18 hours a t  17 -  20°C and
the  le a c h a te  c o lle c te d . Ca fo r  a l l  th e se  a l iq u o ts  was
measured.
4*2.6 E ffe c t o f s a l t s  (NaCl, MgCl- and NaCl + MgCl ) 
on. th e  s o lu b i l i ty  of CaCO  ^ oy shaking  w ith  s o i l  
t r e a te d  w ith  1 gm CaCOy
1.0 gm o f CaCO  ^ powder was weighed out a c c u ra te ly  and added 
to  10 gm s o i l  sample. Then 100 ml o f H20, 1000 meq/l NaCl,
1000 meq/L MgCl^ and (500 meq/l NaCl + 500 meq/l MgCi^) *xei>e 
added in d iv id u a lly *  They were shaken on a r o ta iy  shaker fo r  
16 hours a t  17°C. The pH of each suspension  was th en  
measured. The s o i l  suspensions were f i l t e r e d  through Whatman 
No 42 f i l t e r  paper to  g ive a c le a r  s o lu tio n . Ca c o n ce n tra tio n s  
o f th e se  s o lu tio n s  were measured.
4 .3  r esu lts  and d is c u s s io n
4.3*1 E ffe c t of NaCl and MgCl_ s a l t s  on th e  s o lu b i l i ty  o f 
calcium  ions in  w ater in 'e q u i l ib r iu m  w ith  CO* in  th e  
atm osphere:
In  th e  absence or p resence o f s a l t s  th e  m o b ility  o f Ca in  
so lu tio n  was no t p ro p o r tio n a l to  th e  c o n ce n tra tio n  o f  CaCO^. I t
was found th a t  in  th e  absence o f s a l t ,  th e  m o b iliz a tio n  o f  
calcium  was g re a te r  in  t o t a l  b u t lower in  $  term s in  th e  
so lu tio n  w ith  th e  h ig h e r co n ce n tra tio n  o f CaCO  ^ th an  in  th e  
so lu tio n  w ith  th e  low co n ce n tra tio n  o f  CaCO  ^ as shown in  
Table ( 4 .1 ) .  The f ig u re  was 0*5 meU Ca/100 ml m obilized  in  
th e  presence  o f 0 ,1  gm CaCO  ^ w hile 0 ,5  meq Ca/lOO ml in  th e  
p resence  o f 1 ,0  gm CaCO^. This cou ld  be  r e la te d  to  th e  
su rfa ce  a re a  e f f e c t  in  in c re a s in g  th e  m o b iliz a tio n  o f  calcium  
from CaCO  ^ in  d i lu te  so lu tio n .
The a b i l i t y  o f s a l t s  to  l ib e r a te  calcium  ions was found to  
in c re a se  as t h e i r  co n cen tra tio n s  in c reased , b u t n o t p ro p o r tio n a l 
to  th e  co n ce n tra tio n s  as shown in  Table ( 4 .1 ) .
In  th e  s o lu tio n  w ith  h ig h er co n ce n tra tio n s  o f CaCO  ^ ( 1 ,0  gm) 
th e  in c re a se  in  th e  s o lu b i l i ty  o f calcium  was s l i g h t ly  more 
th an  in  th e  s o lu tio n  c o n ta in in g  lower c o n c e n tra tio n s  ( 0 . 1 gm 
CaCO^/ 100 ml f o r  bo th  types of s a l t  added).
In  th e  s o lu t io n  c o n ta in in g  lower co n ce n tra tio n s  o f CaCO  ^ t h i s  
e f f e c t  was n o tic e d  up to  0 ,6  meq„'Ca/lOO ml f o r  NaCl and up to
1 .2  meq Ca/100 ml fo r  MgClg. Thus in  th e  so lu tio n  c o n ta in in g
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h ig h e r co n cen tra tio n  up to  0 ,9  meq Ca/100 ml f o r  NaCl up
to  1 .3 meq Ca,/lQ0 ml fo r  MgCl^ was n o ted , as shown in  Table ( 4 .1 ) .
This could  be exp lained  by in te r io n ic  a t t r a c t io n ,  i . e .  w ith  
in c re ase  in  s a l t  c o n ce n tra tio n  th e  a c t i v i t y  o f Ca io n s  
decreased . This would le ad  to  an in c re a se  in  th e  m o b iliz a tio n  
o f Ca ions from CaCO  ^ in  th e  s o lu tio n , o r  cou ld  be r e la te d  to  
th e  form ation  o f ion  p a i r s  when I’lg s a l t  was added.
The v a r ia t io n  in  th e  m o b iliz a tio n  o f Ca ionsfrom  CaCO  ^ betw een 
two d i f f e r e n t  s a l t s  added can be explained as fo llo w s 2—
In th e  case o f NaCl s a l t  fo r  example, every calcium  ion  i s  
surrounded by c h lo rid e  ions and every carbonate  ion  i s  
surrounded by sodium ions thereby  d ecreasin g  th e  a c t i v i t y  o f 
b o th  o f them. To g ive th e  same d is s o c ia t io n  c o n s ta n t, th e  
co n ce n tra tio n  o f  Ca and CO^  ions in  so lu tio n  must in c re a se .
I t  was found th a t  in  most cases MgCl^ in c reased  th e  s o lu b i l i ty  
o f  Ca more than  NaCl. This i s  due to  th e  h ig h e r io n ic  s tre n g th  
o f  NgClg th an  NaCl (valency  e f f e c t )  as m entioned p re v io u s ly  in  
th e  in tro d u c tio n  to  t h i s  ch ap te r . The in c re a se  in  th e  io n ic  
s tre n g th  has a  tendency to  in c re a se  th e  s o lu b i l i ty  o f th e  
compound (G a rr ie s  and C h ris t 19^5).
A comparison o f  th e  r e s u l t s  ( in  d u p lic a te )  fo r  in d iv id u a l and 
mixed samples o f s a l t ,  added a t  two c o n ce n tra tio n s  (10  and 
40 m eq/l) showed a  marked in c re a se  in  th e  s o lu b i l i ty  o f  Ca 
in  th e  case  o f th e  m ixture (NaCl + MgCl^). T his in c re a se  was
le s s  w ith  MgCl^. With IfeCl th e  in c re a se  in  th e  s o lu b i l i ty  o f 
Ca was found to  be le s s  than  th e  two examples m entioned above 
(MgCl^ and th e  m ixture o f s a l t )  as shown in  Table (4*1)*
At 10 meq/l o f s a l t  added, i t  was found t,o be 0*5 meq/lOOml 
f o r  NaCl, 0*8 meq Ca/100 ml f o r  MgC^ and 0*9 meq Ca/100 ml
f o r  th e  m ixture ( NaCl + MgClg).
But a t  40 m eq/l th e  comparable f ig u re s  were 0*6 meq Ca/100 ml 
f o r  NaCl, 0*9 meq Ca/100 ml f o r  MgClg and 1*2 meq Ca/100 ml
f o r  m ixture ( NaCl + MgClp)•
In  th e  case  o f th e  m ixture o f NaCl + MgCl^, th e  in c re a se  in  th e  
s o lu b i l i ty  o f Ca may be r e la te d  to  th e  in c re a se  in  th e  io n ic  
atmosphere o f ions in  th e  s o lu tio n  which le ad s  to  a  d ecrease  
in  th e  a c t i v i ty  of Ca ions th u s  r e s u l t in g  in  an in c re a se  in  
th e  co n ce n tra tio n  o f Ca ions in  th e  so lu tion*  In  a d d itio n  
th e  ion, p a i r  e f f e c t  may in c re a se  th e  m o b iliz a tio n  o f Ca ions 
from CaCOy The r e l a t iv e ly  g re a te r  s t a b i l i t y  o f MgCO^  ion  
p a ir s  would suggest th a t  Mg e x e r ts  an im portan t in d i r e c t  c o n tro l 
on CaC0^ s o lu b i l i ty  which r e s u l t s  in  a  r e d i s t r i b i t i o n  o f CO  ^
from th e  atmosphere which e f f e c ts  th e  pH o f  th e  s o lu t io n , and 
hence in c re a se s  th e  s o lu b i l i ty  o f  Ca*
In  o rd e r to  see whether th e  valency  o r  th e  c o n c e n tra tio n  o f  
s a l t s  e f f e c t  th e  d is s o c ia t io n  o f Ca from CaCO^, two experim ents 
were c a r r ie d  out
d )  The e f fe c t  o f SO  ^ and Cl s a l t s  o f Na, K and Mg cn th e  
s o lu b i l i ty  o f CaCO  ^ was te s te d  by shaking th e se  s a l t s  w ith
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s o i l  t r e a te d  w ith  1.0  gm of CaCO  ^ as mentioned l a t e r  in  
S ec tion  ( 4*3 . 2) .
(2 ) The e f fe c t  o f NaCl, MgCl2 and NaCl + I^C l on th e  
s o lu b i l i ty  of CaCO  ^ was te s te d  by le ach in g  w ith  th e se  s a l t s  
s o i l  t r e a te d  w ith  1 gm CaCO^. This experim ent was s e le c te d  
because i t  could  be c a r r ie d  out in  a  sh o rt p e r io d  o f tim e and 
i s  more o r  le s s  s im ila r  to  th e  n a tu ra l  co n d itio n s  found in  th e  
so il«  The r e s u l t s  a re  shown in  Table ( 4 .2 ) .  Prom t h i s  Table 
i t  was found th a t  th e  r e s u l t s  from th e  le ach in g  experim ent were 
n o t as p re d ic te d . The change in  th e  o rd e r o f th e  e f f e c t  o f 
s a l t s  on th e  s o lu b i l i ty  of Ca betw een th e  shak ing  experim ent 
and th e  le ach in g  experiment could  f i r s t l y  be  r e la te d  to  th e  
e f f e c t  o f s a l t s  on th e  p h y s ica l p ro p e r t ie s  o f s o i l  and a lso  
due to  th e  tim e o f co n tac t o f each o f th e  s a l t s  w ith  th e  s o i l .
To c o n tro l th e  above mentioned in te r fe re n c e s , t h i s  experim ent 
was re p ea ted  in  d u p lic a te  by shaking as in  S ec tio n  (4 .3 * 5 ) *
4.3*2 The e f f e c t  o f su lp h a te  and c h lo rid e  s a l t s  o f Na, K 
and Mg on th e  s o lu b i l i ty  o f CaCCL by shaking w ith  
s o i l  t r e a te d  w ith  1 gm CaCO^:
The e f f e c t  o f s a l t s  on th e  m o b ility  o f Ca ions from th e  s o i l  
t r e a te d  w ith  1 gm CaCO^/lO gm s o i l  was found to  be more in  th e  
case of SO. th a n  Cl , as shown in  Table ( 4 . 4 ) .  This may be
T S
r e la te d  to  th e  fo rm ation  o f ion  p a i r s  w ith  SO  ^ b u t n o t w ith  
Cl .
In  sub s o i l  i t  was found th a t  th e  e f f e c t  o f s a l t s  on th e  
m o b iliz a tio n  o f Ca ions a re  in  th e  fo llo w in g  o rd e r
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K *= Mg Ra f o r  SO^
K >  Mg >  Na fo r  Cl
But in  to p  s o i l  a t  40 meq/l th e  o rd e r was
Mg ]> K Na as shown in  Table (4«4)
This may be  r e la te d  to  th e  d if fe re n c e  in  th e  d is s o c ia t io n  
c o n s ta n ts  o f Mg, K and Ra io n , as shown in  Table (4 * 3 ). This 
r e f l e c t s  th e  degree and n a tu re  o f th e  complex o f v a r io u s  io n ic  
p a i r s ,  which decreases  th e  a c t i v i ty  o f Ca io n s .
The d if fe re n c e  between K and Ra s a l t s  may be  r e la te d  to
d if fe re n c e s  in  th e  m ob ility  or th e  a c t i v i ty  o f th e se  io n s .
There i s  a fu n c tio n  o f s iz e  and degree o f h y d ra tio n  as fo llo w s 
(Jenney and R etem erier 1935)
ions dehydra tion  r a d i i  h y d ra tio n  r a d i i
Ha 0 .98  2  7.90 A
K 1.33 A 5 .32  A
The change in  th e  o rd e r noted  from SO  ^ to  Cl s a l t  may be
a t t r ib u te d  to  th e  complex fo rm ation  w ith  1% which does n o t
form w ith K s a l t .  The o v e ra ll  e f f e c t  i s  to  reduce th e  e f f e c t
o f Mg s a l t s  to  a  degree which i s  e i th e r  eq u iv a len t to
o r le s s  th an  KC1 in  th e  case o f Cl s a l t s  ©** may be r e l a t e d  to  the  
a c tu a l co n ce n tra tio n s  o f th e se  s a l t s  in  s o i l .
I t  was found th a t  SO  ^ in c re a se s  th e  m o b iliz a tio n  o f Ca from 
CaCO  ^ more than  C l, This cou ld  be due to  th e  valency  e f f e c t ,  
which e x e r ts  more e f f e c t  in  d ecreasin g  th e  a c t i v i ty  o f Ca
th an  Cl s a l t .  This lead s  to  an in c re a se  in  th e  m o b iliz a tio n  o f 
Ca from CaCO  ^ in  th e  s o lu tio n .
4 *3 .3  The e f fe c t  o f s a l t s  (NaCl, MgCl and NaCl + MgClg) on 
th e  s o lu b i l i ty  o f CaCO by shaking w ith  s o i l  t r e a te d  
w ith  1 gm CaCO^: ^
The e f f e c t  o f  s a l t s  on th e  s o lu b i l i ty  o f CaCO  ^ by shak ing  w ith  
s o i l  t r e a te d  w ith  1 gm o f CaCO  ^ was c a r r ie d  ou t to  c o n tro l th e  
e r ro rs  o f th e  leach in g  experim ent. The r e s u l t s  a re  shown i n  
Table ( 4 .3 ) .
The s o lu b i l i ty  o f Ca i s  g re a tly  in c re ase d  in  th e  p resence  o f 
s a l t s  v i z : -  1 .6  meq Ca/100 gm in  th e  case  o f d i s t i l l e d  w a te r ,
15*0 meq Ca/100 gm fo r  NaCl, 15.4 meq Ca/100 gm
fo r  MgClg and 25*6 meq Ca/100 gm fo r  th e  m ixture (NaCl + JSgCl^).
This e f f e c t  w ith  MgCl^ was found to  be s l ig h t ly  more than  w ith  NaCl 
b u t i t  was much h ig h e r when th ey  were mixed. I t  was more 
th an  one and a h a l f  tim es g re a te r  in  th e  case  o f th e  m ix tu re .
This in c re a se  in  th e  s o lu b i l i ty  o f calcium  could  be r e l a t e d  to  
th e  in c re a se  in  th e  io n ic  atmosphere o f ions in  th e  s o lu t io n  
which would le a d  to  a  decrease  in  th e  a c t i v i t y  o f Ca io n s , 
th ereby  in c re a s in g  th e  co n ce n tra tio n  o f Ca io n s  in  th e  s o lu tio n .
Table (4 .1)
The e f fe c t  on th e  m o b ility  of CaCO^  vftien shaking w ith  
s a l t  so lu t io n  (T^CCh^i-qsoerision * b a i t )
Mif  mi n— a, uinrwiMiirfw m m t m m m  \miit.. <- r~ rir-i—t-T in-r.urrm t~ m m
Cone.
In  presence o f CaCO  ^ 0 .1  gm
r M" .... ....
In  presence o f 1 .0  
gm CaCO-^
meq/l
s a lt meq Ca /  100 ml
ebUQ.eu
NaCl % c i2 NaCl +  % C12 NaCl SfeCl2
0 0 .3 0 .3 nd 0 .5 0 .5
2 0 .3 0 .4 nd 0 .5 0 .5
5 0 .5 0 .6 nd 0 .6 0 .6
10 0 .5 0 ,8 0 .9 0 .8 0 .9
40 0 .6 0 .9 1 .2 0 .8 1 .0
6 0 0 .6 0 .9 nd 0 .9 1 .1
80 0 .6 1 .0 nd 0 .8 1 .1
100 0 .6 1 .2 nd 0 .9 1 .3
nd a* no t determ ined
The r e s u l t s  a re  th e  mean o f  d u p lic a te s
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Table (4 .2)
The e f fe c t  on th e  m o b ility  o f CaCO when ( s o i l  Jr CaCO.,) 
was leached  w ith  s a l t  " so lu tio n  ~ ' ' ........ "
H --T-*—n r t i r n f  n m f i i i i i i n  i t i a  >*■■■»_■. m ^ M i i i . r  i r  ir  u i — ntrfrtriii
meq Ca /  100 gm oven dry s o i l
A liquot
NaCl % C l2 NaCl + lfeCl2 H 0
1000 meq/l 1000 meq/l 500 meq/l 500 meq/l ^
1 s t 25.6  15.4 26 .6  15.4
2nd 3 .7  2 .5  3 .3  2 .4
3rd  2 .1  1 .4  1 .7  1 .3
4 th  1 .6  1 .2  1 .3  0 .3
Table (4 .3 )
The e f f e c t  on th e  m o b ility  o f CaCQ, vflien ( s o i l  + CaC0„) 
was shaxen/)Vei^i/ht (T? hours) in‘^ 1:10 s o i l  s o lu tio n  r a t i o
meq Ca /100 gm oven dry s o i l
NaCl 
1000 m eq/l
MgCl 
1000 meq/l
NaCl + MgCl- 
500 meq/l 500 meq/1 H2°
25.6 15.4 25.6 1 .6
The r e s u l t s
s
a re  th e  mean o f d u p lic a te s .
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The e f fe c t  o f s a l t s  of ITa. K, 1% on th e  s o lu b i l i ty  o f Ca.CO^  
by shaking w ith 1 gm ba.HO
A -  Brown e a r th  top  s o i l  meq Ca/100 gm oven d iy
Cone,
meq/l NaCl NaoS0. 2 4 KCl K2S04 %ci2 %so4
10 1.2 1 .5 1 .3 2 .0 1 .7 2 .2
40 2 .2 2 .7 3 .0 3 .9 3 .6 4 .0
B — Brown e a r th  sub s o i l meq Ca/lOO gm oven d iy
Cone.
meq/l NaCl NaoS0.2 4 KCl K2S04 %ci2 %so4
10 1.8 2 .2 2.7 2.4 2.4 2 .4
40 3.1 3 .2 4 .6 4 .7 3 .9 4 .7
T ab le (4 .5 )
The r e s u l t s  a re  th e  mean o f  d u p lic a te s
D is so c ia tio n  co n sta n ts  fo r  some d is so lv e d  sp ec ie s in  aqueous
s o lu tio n  a t 25^C (Gar r e ls  and C hrist (1 9p5 1
■
C ations OH hco3 C°3 so.4 Cl
K - mm - 0.96 -
Ha - 0 .7 -  0.25 1.27 0 .72
Ca 1.30 1.26 3.20 2.31 -
Mg 2.18 1.16 3 .4 2.36 mm
H 14.0 6 .4 10.33 2 .0 -
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Table ( 4 . 7 )
A c tiv ity  c o e f f i c ie n ts  o f in d iv id u a l sp ec ie s  in  sea  w ater
( io n ic  stre-o trta 0 .7  ch lcr.i.n ity 19#* 2")UC) (G a rre is  and
C h ris t 19&5)
*» -
D issolved
sp ec ie s
A c tiv ity
c o e f f ic ie n t Method u sed
NaHCO^ 1.13 Analogy w ith  HgC03
WgC03° 1.13 n •* fi
CaC03 1.13 it n n
% so4° 1.13 W tt tt
CaSO/4 1.13
ti »i it
hco3'“ 0.68 Prom a c t i v i t y  c o e f f ic ie n t  o f
khco3, k?co3
NaCO^ 0.68 Analogy w ith  HC03~
NaSO^ 0.68 H If It
KSO~
4
0.68 II tt ft
MgHC03+ 0.68 tt tt tt
CaHC03+ 0.68 tt tt tt
Na1" 0.76 Meas. g la s s  e le c tro d e
K + 0 .64 YK+ *= Y £  KCl
Mg*" 0.36 Y Mg~*' = Y3 A MgCl2(Y3 £  KCl)
Ca 0.28 Y Ca*4"1" = (Y3 i  CaCl2) (Y2 £  KCl)
C l" 0 .64 Y C f  '=  Y i  KCl
c V
0.20 Y C 0 ~  based  on KoC0^ s o lu t io n  3 2
SO ?  4
0 .12 Y S0/~ as a  fu n c tio n  o f th e  
io n ic  s tre n g th
CHAPTER FIVE
THE EFFECT OF SALT PIT THE SOLUBILITY OF 
NATIVE CATIOIi FROM SOIL
5.1  INTRODUCTION
Changes in  th e  r e l a t iv e  and t o t a l  c o n c e n tra tio n s  o f c a tio n s  
a re  s im ultaneously  accompanied by s h i f t s  in  th e  exchangeable 
b a se  s ta tu s  o f th e  s o i l t because o f th e  eq u ilib riu m  e x is t in g  
betw een so lu b le  and exchangeable c a t io n s . The exchangeable 
and s o lu tio n  forms are  in  dynamic eq u ilib riu m .
The d e fic ien c y  o f ions in  so lu tio n  may be due to  lo s se s  in  d ra inage  
w ater, ab so rp tio n  by organisms, r e p r e c ip i ta t io n  o f a  secondaiy 
compound o r ad so rp tio n  on to  surrounding  c lay  p a r t i c l e s .
Weigner arranged  th e  c a tio n s  in  th e  o rd e r o f t h e i r  re p la c in g  
power, which i s  th e  H ofm eister ly o tro p ic  s e r ie s  as fo llo w s :•»
Na K and Mg <^Ca
The re p la c in g  power depends on th e  k in d  o f c a tio n  b e in g  re p la c e d  
and th e  k in d , o f exchange m a te r ia l , a lso  th e  io n  s iz e  and hydration* 
Wiegner and Jenny (1927) found th a t  th e  re p la c in g  power in c re a se d , 
e*g. fo r  Na io n s , by adding a lcoho l to  th e  s o lu t io n . (An in c re a se  
in  h y d ra tio n  rad iu s  decreases th e  a c t i v i ty  o f io n s ) .
T his experim ent was c a r r ie d  out to  a sse ss  th e  in flu en c e  o f th e  
c a tio n  exchange c ap ac ity  and eq u ilib riu m  c o n s ta n ts  o f s a l t s  
(due to  Lyotropic s e r i e s ) ,  and to  co n sid e r th e  f in d in g s  in  term s
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of th e  Donnan eq u ilib riu m  equation  fo r  th e  d is t r ib u t io n  of ions 
in  th e  io n ic  atmosphere (se e  C hapter Three, S ec tio n  3*1«4)*
A s e r ie s  o f a n a ly s is  was c a r r ie d  out to  t e s t  th e  e f f e c t  o f 
d i f f e r e n t  s a l t s  on th e  s o lu b i l i ty  of c a tio n s  (lla , K, Ca, Ife).
This experiment should g ive an id e a  o f  th e  e f f e c t  of. in d iv id u a l s a l t  
on th e  s o lu b i l i ty  o f c a tio n s  and in d i r e c t ly  t h e i r  a v a i l a b i l i t y  
to  p la n ts .
The s a l t s  u sed  were NaCl, Na^SO^, KCl, MgClgt MgSO ,^ CaCl^,
CaSO^ and the  n a tiv e  c a tio n s  were Na , K , Ca and Mg .
These c a tio n s  were s e le c te d  because they  a re  co n sid ered  to  be 
involved  in  s a l in e  s o i l s ,  w hile Cl and SO  ^ a re  th e  c h ie f  
an ions (Hesse 1971)• In  a d d itio n , th e  ions m entioned above 
a f f e c t  in d i r e c t ly  th e  s o lu b i l i ty  o f  e s s e n t ia l  n u t r ie n ts  
fo r  p la n t  growth (e .g . phosphate).
Potassium  in te r f e r e s  co m p etitiv e ly  w ith  th e  a b so rp tio n  o f a  
n u m b e r  o f ions (W adleigh and Shive 1939).
Thomas and Mack (1939) found th a t  h igh  K ab so rp tio n  dep ressed  
th e  ab so rp tio n  o f Ca and 1% . S tan fo rd  e t  a l  (1941) added 
K to  a  s o i l  h igh  in  Ca and Mg carbonatesand  showed a  
reduced Ca and flfe u p tak e .
C ollander (1941); Troug e t  a l  (1953) and Harmer e t  a l  (1953) 
have in v e s t ig a te d  th e  response o f d i f f e r e n t  crops to  
ap p lied  sodium. The response  o f crops to  sodium in  th e  p resence  
o r absence o f K was s ta te d  by Harmer and Benne (1945) . as
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shown in  Table ( 5 .1 ) .
Mg i s  th e  component o f  ch lo ro p h y ll and i t  i s  a lso  connected 
w ith  phosphorus m etaholism (Zimmerman 1947).
For fu r th e r  in fo rm ation  on n u tr ie n t  d e f ic ie n c ie s  and symptoms 
in  p la n ts  co n su lt A grios (1969).
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5 .2  METHODS 
5#2*1 E ffe c t of s a l t  on ion  s o lu b i l i ty ;
For th e se  experim ents only th e  top  and sub s o i l  samples o f /
s a l in e  g leyed  s o i l  and non s a l in e  brown e a r th  s o i l  samples 
were used* The muck s o i l  was no t in c lu d ed  as i t  had been  
p o llu te d  o r contam inated by in d u s t r ia l  sewage d isch arg ed  in to  
th e  riv e r*  For th e  fo llow ing  s tu d ie s  —
The s a l t s  NaCl, Na^SO^,, KgCl^, MgSO ,^ KCl, K^SO^, CaCl^, and
CaSO  ^ were added to  th e  samples a t  a  s e r ie s  o f low and h igh  
c o n c e n tra tio n s , namely 0 , 2, 5* 10 meq/l and 40 , 60, 80 meq/l, and a 
1:10 s o il /w a te r  r a t i o .  X gm of s a l t  was weighed a c c u ra te ly  
d i r e c t ly  in to  a  weighing b o t t l e  and t r a n s f e r r e d  to  1000 ml 
vo lum etric  f la s k ,  and th e  sample d i lu te d  to  volume Stock s o lu tio n  ( a ) ,
100 ml o f stock  so lu tio n  (A) were added to  10 gm a i r  d ry  s o i l
( • ,  brown e a r th  s o i l  sample and g leyed  s o i l  sample bo th
to p  and sub s o i l ) . They were shaken on a ro ta ry  shaker fo r  
16 hours a t  18 -  21 °C. The s o i l  suspension  was f i l t e r e d  
through Whatman No 42 f i l t e r  paper to  g ive  a  c le a r  e x tra c t  
and so lu b le  c a tio n s  measured*
Na and K’were measured by flam e em ission (EEL) Mg and Ca ions 
were measured by atomic ab so rp tio n  a f t e r  th e  e x tra c t  had 
been t r e a te d  w ith  5$ La as La (N03)^ 6 .H^O s a l t  to  p rev en t 
in te r fe re n c e  by phosphate.
NOTE: X gm of s a l t s  were weighed as powders eq u iv a len t
to  0 , 2 , 5, 10, 40, 50, 60, 80 meq/l of NaCl, Ifo^SO^, KCl,
K^ jSO^ , MgCl, MgCl^, MgSO ,^ CaCl^ and CaS0^«
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5.3 Results and Discussion:
As mentioned in the introduction to this chapter the predicted 
order of displacement of cations is Ca >  Mg >  K >Na, while 
with anions it is SO^ Cl. This is due to the hydration and
valency effects as discussed previosuly in Chapter Pour.
At higher concentrations, many more factors are involved. These 
factors include
(1) Precipitation of CaSO^ (solubility of salts)
(2) Formation of ion pairs which decreases the activity of 
ions
(3) Actual amount of cations in soil
(4) The relative concentration of such cations in the 
exchangeable bases*
It was found in practice that with the brown earth top soil, 
the displacement of cations both in dilute and high concentration 
of applied salt was, as expected, the order being
Ca >  Mg >  K )  Na as shown in Table (5«2)
s
Wit^ regard to the anions the order of displacement of cations 
from dilute solution was as expected (SO^^>Cl), while in high 
concentration the order of displacement of divalent cations 
(Mg or Ca) was greater in the case of added Cl than SO^ 
as shown in Table (5.2).
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This could be re la te d  to  th e  form ation  o f ion. - p a irs  w ith  
SO  ^ in  h igh  co n cen tra tio n  which obv iously  d ecrea se s  th e  
th e  a c t i v i t y  o f th e  s a l t  and^then r e d u c e s . i t s  d is p la c in g  power. 
Cl ions on th e  o th e r hand do mvt form ion p a i r s  w ith  any 
c a tio n  (G a rre ls  and C h ris t 19&5) a^d were th e re fo re  le s s  
a f fe c te d  by co n ce n tra tio n  e f f e c t s .
In  brown e a r th  sub s o i l  i t  was found th a t  th e  d isplacem ent
o f c a tio n s  in  d i lu te  and co n cen tra ted  s o lu tio n s  o f a p p lie d
s a l t  i s  in  th e  o rd er o f  th e  valency  and th e  ly o tro p ic  s e r ie s ,
except fo r  d i lu te  so lu tio n s  o f Na~SO when th e  o rd e r was2 4
(Ca >  K >M g). On th e  o th e r  hand in  h igh  c o n ce n tra tio n  th e  
excep tion  was w ith  th e  a d d itio n s  o f K^SO^ and CaCl^* I t  was 
found th a t  fo r  ^ 2 ^ 4  -*-ons were d isp la ce d  more th a n  Mg 
io n s , w hile w ith  CaCl^ th e  displacem ent o f Ha ions was more 
th an  K ions a s  shown in  Table (5»3)«
I t  was found th a t  in  brown e a r th  sub s o i l ,  SO  ^ d is p la c e s
more c a tio n s  than  Cl except fo r  monovalent s a l t s  when 
th e  d isplacem ent o f Mg was g re a te r  fo r  Cl th an  SO^*
W ith Mg s a l t s  th e  displacem ent o f Na and K was g re a te r  fo r
Cl th an  fo r  SO^ . However, in  th e  case o f 0a s a l t s  -
th e re  i s  no anom alies i n  d i lu te  so lu tio n  as shown in  Table
( 5 . 3) .
At h igh  co n cen tra tio n  however Cl d is p la c e s  more th an  SO^ 
except in  th e  case o f th e  Na s a l t*  The displacem ent o f th e  
d iv a le n t c a tio n s  (Ca, Mg) was in ,th e  o rd e r SO^ C l. The
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o th e r exception  was w ith  K and Mg s a l t s  where th e  d isp lacem ent 
o f Na was in  th e  o rd er SO  ^ C l. This a lso  a p p lie d  to  Ca when 
K s a l t  was added as  shown in  Table (5«3)»
The complete se t  o f  r e s u lt s  o f  the e f f e c t  o f  s a l t  on th e  
displacem ent o f  ca tio n s  in  g leyed  s o i l  are p resen ted  in  Table
(5 .4 ) .
I t  w i l l  be noted th at sev era l ex cep tion s to  th e  p red ic ted  order
were recorded as  noted  above w ith  brown earth  s o i l ,  e .g .
i t  was found th a t th e d isplacem ent o f  ca tio n s  at h igh and
low con cen tration  o f  s a lt  added in  th e  case o f  Cl was more than fo r
SO. . w h ile  in  th e case o f  added sodium s a lt  th e  order was 4
Ca Mg )> K fo r  Cl and Mg >  K Ca fo r  SO^, as shown 
in  Tables (5*4) and (5*5)•
I t  was found th a t the SQ  ^ s a lt  o f  Na d isp la ced  K ior^more than  
Cl s a lt  in  top  s o i l ,  but w ith  oth er io n s  and w ith  sub s o i l  the  
behaviour was not anomalous. The o th er excep tion  was th e  Ca 
ion  which was found to  be increased  by th e  a d d itio n  o f  NaCl, 
but decreased  by th e  a d d itio n  o f  Na^SO  ^ in  both top  and sub 
s o i l ,  a s  shown in  Tables (5*4) and (5*5)•
The a d d itio n  o f  Ca s a l t s  gave th e o p p o site  e f f e c t  to  th e  Mg 
s a l t  in  th e  top  s o i l  Cl s a l t  d isp la c in g  ions? more .than w h ile  
in  th e  sub s o i l  the SO^ d isp la ced  tw ice  as much o f  th e  io n s  
a s  th e Cl s a l t .
Prom th ese  prelim inary a n a ly s is  th e  fo llo w in g  t e n ta t iv e  
con clu sio n s can be drawn
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(1) U n i-un iva len t s a l t  (NaCl, KCl):
In  brown e a r th  fo r  top  and sub s o i l s ,  KCl d isp la ce d  Ca and 
Mg ions more than  NaCl as p re sen ted  in  g ra p h ic a l form (1 ,3 )  
and (9*11).
In  gleyed s o i l ,  i t  i*as found th a t  fo r  b o th  top  and sub s o i l ,  
NaCl d isp laced  Ca more than  KCl as p re sen ted  in  g ra p h ic a l form 
(5 * 7 ), w hile KCl d isp laced  Mg more than  NaCl as p re sen te d  in  
g rap h ica l form (1 3 ,1 5 ).
(2 ) B i-u n iv a le n t s a l t  (K^SO^, Na^SO^):
The a b i l i t y  o f to  d isp la ce  Ca and Mg ions was g re a te r
than  fo r  Na^SO^ fo r  b o th  top and sub s o i l  in  b o th  s o i l s  
(g leyed  and brown e a r th )  as p re sen ted  in  g ra p h ic a l form 
(2 ,4 )  and (10 ,12) fo r  brown e a r th  s o i l ,  and (6 ,8 )  and (14 ,16) 
f o r  g leyed  s o i l .
(3 ) U n ib iva len t s a l t  (CaCl^, MgCl^J
For bo th  brown and gleyed s o i l  th e  a b i l i t y  o f CaCl^ to
d isp la c e  K was more than  MgCl^ as p re sen ted  in  g ra p h ic a l form
(1 7 ,2 1 ) , w hile in  sub s o i l  fo r  b o th  s o i l s  no anom alies were
found.
In  g leyed  top  s o i l  th e  a b i l i t y  o f MgCl^ to  d isp la c e  Na was 
more th an  CaCl^, b u t th e  o p p osite  was t ru e  w ith  sub s o i l  
(CaClg d isp laced  Na more than  MgCl^) as p re sen ted  in  g ra p h ic a l 
form (2 9 ,3 1 ) .
K ith th e  brown e a r th  s o i l  no o rd e r could  be  reco g n ised  f o r  th e  
displacem ent o f Na io n s .
(4 ) B ib iv a len t s a l t  (MgSO^, CaSO^):
The a b i l i t y  o f MgSO^  to  d isp la ce  X ions was g re a te r  than  fo r  
CaSO^ in  b o th  top  s o i l  samples (g leyed  and brown e a r th )  as 
p re sen ted  in  g rap h ica l form ( l8 ,2 2 ) .
The opposite  was t ru e  in  sub s o i l ,  i . e .  CaSO^ d isp la c e d  1C 
ions more than  % S0^, as p re sen te d  in  g rap h ica l form (20,24)*
In  gleyecl s o i l  th e  a b i l i t y  of MgSO  ^ to  d isp la c e  Ha ions was 
more th an  CaSO^, as p re sen ted  in  g rap h ica l form (30 ) .
As noted  above when th e  many r e s u l t s  o b ta in ed  above a re  
considered  in  term s o f t h e i r  p re d ic te d  o rd e r o f d isp lacem ent' 
based  on CECf h y d ra tio n  e t c . ,  sev e ra l excep tions were found, 
some o f  which can be exp lained  in  term s o f ion  p a i r s ,  
in s o lu b i l i ty  and a c tu a l amounts o f ions in  s o i l .  Less problem s 
a re  experienced in  d i lu te  so lu tio n s  as expected. However, th e se  
r e s u l t s  were o f a somewhat te n ta t iv e  n a tu re  b u t do h ig h lig h t  
one o r two a reas  of in t e r e s t  in  need o f f u r th e r  s tudy , v iz :  
th e  e f f ic ie n c y  o f Na ions e t c . ,  in  re p la c in g  c a tio n s  in  th e  
sub s o i l  sam ples. This could  no t be accounted fo r  s o le ly  in  
term s o f  en tra in ed  s a l t .  Also of no te  i s  th e  s e l e c t i v i t y  
e x h ib ite d  by p la n ts  in  th e  up take  o f X/Na compared w ith  what 
i s  in  th e  so lu tio n  o f  th e  s o i l ,  see Table (2 .6 )  and Table (2 .8 ) .  
R atio s  o f X/Na in  so lu tio n  from gleyed top  and sub s o i l  o f  
0 .3 4 , 0 .3 8  re s p e c tiv e ly  and from p la n ts  grown on gleyed s o i l
o f  X /  Na 0*03 were o b ta in ed .
ra»i« (5 .1 )
The response o f crons to  sodium in  th e p resence or absence
^ a — mmafmUmimt> n n n r M i n n n w w u i y t o i i i i — » '» f  M w v arrw w i^ w — Ww**— — —*— |B1^ ^ ^ ^ * * I^^**II^ ,I,I'> ,^,1I^I*IL^ I>*'^
o f K (Harmer and Berme 1945)
Degree o f b e n e f i t  w ith  a  Degree o f b e n e f i t  w ith
d e fic ien c y  of potassium  s u f f i c i e n t  potassium
None to  s l ig h t S lig h t to  medium S lig h t to  medium Large
Buchwheat B arley Cabbage C elery
L ettuce B ro cco li Kale Mangols
Sugar- b eet
Maize B ru sse ls  sp ro u ts K ohlrab i Swiss chard
P o ta to C arro t M ustard Table b e e t
Rye Cotton R adish Turnip
Soybean M ille t Rape
Spinach ' Oat
S traw berry Pea
Sunflowers Tomato
White bean Wheat
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APPENDIX
C onductiv ity  measurements were made to  e s tim a te  q u a l i t a t iv e ly  
th e  f r a c t io n  o f  s a l t  io n ized .
The u n i t s  employed fo r  m easuring th e  e l e c t r i c a l  c o n d u c tiv ity  
o f  a  s o i l  s o lu tio n  (W h ittle s  and Schofie ld -Palm er 1951) a re  5*-
pSt pC, pN, pP when pC « pS
-6where S « ppm x 10 pC a pH + 1.17
C a mhos/cm pC a 5 .7 4  -  pP
N « N orm ality o f  so lu tio n
pP a 3 + Log 10 osm otic p re ssu re  in  atm ospheres.
Temperature c o n tro l i s  im portant because o f th e  ra p id  v a r ia t io n  
o f  th e  v is c o s i ty  o f w ater w ith  tem pera tu re . The s tan d a rd  
tem peratu re  f o r  e lec trochem ical measurements i s  25°C. U sually  
th e  measurements a re  made a t  room tem peratu re  and s u i ta b ly  
c o rre c te d . (Hesse 1971)*
C onductiv ity  measurements in  th e  s o i l  s o lu tio n  were taken  to  
e s tim a te  th e  f r a c t io n  of s a l t  io n ized  in  d i s t i l l e d  w ater. Also 
measurements were made in  th e  presence o f  s o i l  and w ith  s o i l  
t r e a te d  w ith  CaCO  ^ covering  a wide range o f c o n c e n tra tio n s , 
as shown in  Table (6 .1 )  A and B.
The a d d itio n  o f monovalent c a tio n s  was found to  in c re a se  th e
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c o n d u c tiv ity  more th an  d iv a le n t c a tio n s , which in d ic a te s  
th a t  monovalent c a tio n s  have a g re a te r  e f f e c t  on s o i l  s a l i n i t y  
and Cl s a l t s  more th an  SO  ^ , as shown in  Table (6 .1  A).
CaSO^ in  s o i l  reduced th e  c o n d u c tiv ity  o f s o lu tio n s  o f 
d iv a le n t c a t io n s , p robably  by in te r a c t in g  w ith  th e  ions and 
reducing  t h e i r  m o b ility . Less e f f e c t  was n o ted  w ith  u n ib iv a le n t  
sa lts (C a C l^ , JfeCl^) and no e f f e c t  w ith  u n i-u n iv a le n t s a l t s  
(ffaCl, KCl).
The p resence  o f CaCO  ^ in  s o i l  in c re a se d  th e  c o n d u c tiv ity  o f 
th e  s a l t  s o lu tio n , as shown in  Tables (6 .2 )  and (6 .3 )  except in  
th e  case  o f and JfeCl^.
The e f fe c t  o f low c o n ce n tra tio n s  o f s a l t s  up to  10 meq/l had 
p ro p o r tio n a lly  a  g re a te r  e f f e c t  th an  th e  a d d itio n  o f  h ig h e r 
co n ce n tra tio n s  — 40-80  m eq/l, as p re sen te d  in  g ra p h ic a l 
form ( 32 ,33,34  ) .
This may be r e la te d  to  th e  s o lu b i l i ty  o f s a l t s ,  and tlie  fo rm ation  
o f  ion  ' p a i r s  which e f f e c t  th e  m o b ility  o f ions a t  h ig h e r 
co n c e n tra tio n s .
I t  was found in  a l l  cases  th a t  top  s o i l  had a  h ig h e r 
co n d u c tiv ity  th an  sub s o i l .  The a d d itio n  p f s a l t  in c re ase d  
th e  co n d u c tiv ity  in  to p  s o i l  s l i g h t ly  more th an  sub s o i l .
I t  was found th a t  s a l t s  in c re a se  th e  c o n d u c tiv ity  o f s o i l  
e x tra c ts  in  brown e a r th  to p  s o i l  in  th e  fo llo w in g  o rd e r
18^ .
For SO,
For Cl
K >  Na >  Ca >  Mg 
K Na Mg Ca
But in  brown e a r th  sub s o i l  th e  o rd e r was
K Na >  Ca >  Mg f o r  SO  ^ and
Na^K Mg >  Ca fo r  Cl
In  th e  p resence  o f CaSO^ th e  c o n d u c tiv ity  o f  brown earth (-top  aid 
sub) s o i l  was decreased  to  th e  same e x te n t , as shown (32,33  
and 34 ) and in  Tables (6 .2 )an d  ( 6 . 3) .
3h th e  p resence  o f lim e th e  decrease  was th e  same w ith  SO^
b u t w ith  Cl th e  e f f e c t  was g re a te r  w ith  top  s o i l  th an  w ith
sub s o i l .
I t  was found th a t  in  brown e a r th  to p  s o i l  th e  o rd e r o f 
co n d u c tiv ity  was
K >  JTa >  Mg 
Na >  K ?  Mg
f o r  Cl
f o r  SO,
and ) as shown in  
Table (6 .2 )
3h sub s o i l  th e  o rd e r was
K >  Ua >  Mg 
Ka>Mg >  K
fo r  Cl
fo r  SO,
and ) as shown in! xiow xTable (6 .3 )
I t  was concluded th a t  th e  a d d itio n  o f  monovalent and d iv a le n t 
s a i ls  to  th e  s o i l  in c re a se s  i t s  e l e c t r i c a l  c o n d u c tiv ity .
The a d d itio n  o f monovalent s a l t  was found to  in c re a se  th e  
co n d u c tiv ity  more than  d iv a le n t, This in d ic a te d  th a t
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monovalent s a l t s  have th e  more im portan t e f f e c t  on s a l t  
s a lin ity *
However, th e  k ind  and amount o f ions ( Ha, K, Mg, Ca) p re se n t in  
so lu b le  forms produces h ig h  s a l in i ty ,  which is „  shown by  h ig h  
co n d u c tiv ity .
CO
JO
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5 * 0
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t 4 0
n e e / l ) S a l t  a d d e d
The e f f e c t  o f  s a l t  on c o n d u c t i v i t y  o f r>
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Fig:* y^^ The e f f e c t  o f  salt on the  c o n d u c t iv i t y  c f  s o i l  e x t r a c t ,
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GMERAL CONCLUSIONS
P h y sica l a n a ly s is  showed th a t  th e se  s o i l s  which were tak en  from 
th e  hanks o f th e  F orth  e s tu a ry , and had been flo o d ed  by 
e s tu a r in e  w a ter, had a very  f in e  te x tu re .  The p e rm e a b ility  o f  
th e  g leyed  s o i l  was le s s  th an  brown e a r th .
Chemical a n a ly s is  showed th a t  o f th e  th re e  s o i l  samples 
s tu d ie d  (muck, g leyed  and b ro rn  e a r th  s o i l  sam ples), th e  g leyed  
s o i l  had h igh  c o n ce n tra tio n s  o f Ma, Mg and Cl w hile  th e  muck 
s o i l  had in te rm ed ia te  v a lu es  fo r  th e se  io n s . The brown e a r th  
had th e  same amount o f Ca as th e  g leyed  s o i l ,  b u t a  h ig h e r 
p ercen tage  o f exchangeable Ca which i s  supported  by a n a ly s is  o f 
s tan d in g  w ater and p la n ts  covering  th e  sample s i t e s .
An in te r e s t  in  s a l in e  s o i l s  le a d  to  t h i s  study  on th e  e f f e c t  
o f  s a l t s  on th e  s o lu b i l i ty  of c e r ta in  ions which a re  g e n e ra lly  
p re se n t in  h igh  q u a n t i t ie s  in  s a l in e  s o i l s  and a re  a lso  
im portan t n u t r i e n ts .
The e f f e c t  o f adding ’ s a l t s  on th e  s o lu b i l i ty  of n a t iv e  phosphate 
in  th e  s o i l  was shown to  decrease  i t .  I t  was c le a r ly  shown 
th a t  th e  type  o f s a l t  made very  l i t t l e  d if fe re n c e . The a c tu a l 
c o n ce n tra tio n  o f s a l t  had more e f f e c t  in  d ecreasin g  th e  
s o lu b i l i ty  o f phosphate . This re v e a le d  th a t  s o i l  s a l i n i t y  
r e s t r i c t s  th e  amount o f so lu b le  phosphate in  s o i l  s o lu tio n .
This could  have th e  b e n e f ic ia l  e f f e c t  o f reduc ing  w ater p o l lu t io n .
#
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Phosphate was added to  th e  s o i l  samples and in  alm ost every case  
th e  a d d itio n  o f s a l t  reduced th e  phosphate s o lu b i l i ty .  This 
was due to  th e  r e te n t io n  of phosphate by s o i l  and to  th e  
form ation  of in so lu b le  phosphate s a l t s .  The e f f e c t  o f s a l t  
was found to  in c re a se  th e  r e te n t io n  o f  phosphate . S im ila r 
r e s u l t s  were shorn more c le a r ly  when very  h igh  co n ce n tra tio n s  
o f phosphate were added.
The up take  of c a tio n s  by s o i l  was shown to  v a ry  w ith  th e  type 
o f s a l t  and c o n ce n tra tio n . I t  was shown th a t  th e  a b i l i t y  o f 
s o i l  to  adsorb c a tio n s  depended on exchange c a p a c ity . The
to p  s o i l s  had h ig h e r c o n cen tra tio n s  o f  c a tio n s  dependent o n : 
exchange c ap a c ity . The to p  s o i l s  had h ig h e r c a tio n  ad so rp tio n  
th an  th e  sub s o i l  due to  th e  o rgan ic  m a tte r c o n ten t.
S o ils  w ith  h igh  exchange c ap a c ity  need more CaSO^ o r CaCO  ^
f o r  t h e i r  rec lam a tio n . They a lso  heed more f e r t i l i z e r .
The displacem ent o f d i f f e r e n t  c a tio n s  from s o i l s  shows th e  
im portance o f co n sid e rin g  th e  in te r a c t io n s  which occur in  the  
s o i l  when choosing th e  com position and le v e l o f a  p a r t i c u la r  
f e r t i l i z e r .
3h s a l in e  s o i l  th e  a d d itio n  o f e i th e r  monovalent o r d iv a le n t 
c a tio n s  d isp la ce d  d iv a le n t c a t io n s , b u t in 'n o n  s a l in e  s o i l
s
l i t t l e  displacem ent o f d iv a le n t c a tio n  by monovalent c a tio n s  
was no ted .
Experiments were c a r r ie d  out in  which powdered CaCO  ^ and CaSO^ 
were added to  s o i l  sam ples, s in ce  some s a l in e  s o i l s  in  Iraq
have th e se  s a l t s  in  high c o n c e n tra tio n s .
The e f fe c t  o f s a l t s  on s o i l s  w ith  CaCO  ^ was to  in c re a se  th e  
d is s o c ia t io n  o f Ca and change th e  pH, U sually  th e  c re a tin g  
o f a  s a lin e  a lk a l in e  s o i l  le ad s  to  d e f ic ie n c ie s  o f most elem ents. 
This h ig h lig h ts  th e  problem which a r is e s  on i r r i g a t i n g  a 
ca lca reo u s s o i l .  Such a s o i l  has to  be  rec laim ed  by le ac h in g , 
and subsequent trea tm en t w ith  su lphur to  low er th e  pH,
C onductiv ity  measurements were made to  f in d  th e  f r a c t io n  o f  
s a l t  io n ized  q u a l i t a t iv e ly .  The a d d itio n  o f  monovalent s a l t  
was found to  in c re a se  c o n d u c tiv ity  more than  d id  d iv a le n t ,  
th u s  in d ic a t in g  th a t  monovalent s a l t s  have th e  more im portan t 
e f f e c t  on s o i l  s a l i n i t y .
The e f f e c t  o f low c o n ce n tra tio n s  o f s a l t ,  up to  10 meq/l had 
p ro p o r tio n a lly  more e f f e c t  th an  had h igh  c o n c e n tra tio n s  40 meq/l 
up to  80 m eq/l. This can be exp lained  in  term s o f th e  io n ic  
s tre n g th  and a c t iv i ty  c o e f f ic ie n ts  o f io n s .
REFERENCES
Adamson, A.W. ( 1960) .  P h y s ica l Chem istry o f S u r fa c e s *
W iley ( in te r s c ie n c e ) ,  New York#
A grios, G#N# (19^9) • P la n t Pathology# Academic press#
New York and London#
A llis o n , L#E# (1943)* The tre n d  o f phosphate a d so rp tio n
by in o rg an ic  c o llo id s  from c e r ta in  Ind iana  so ils#
S o il S c i. ^ 5 , 333-342.
A llis o n , L.E# ( 1964) .  S a l in i ty  in  r e la t io n  to  i r r ig a t io n #
Adv# Agron, JjS, 139- 180. Academic Press# New York 
and London#
A llis o n , L.E# (1973). O v e r-sa tu ra tio n  method fo r  
p re p a rin g  s a tu ra t io n  e x tra c ts  fo r  s a l i n i t y  a p p r a is a l .  
S o il  S c i. J J 6 ,  65- 69 .
A l-nakshabandi, G.A#, A l-Z ubaid i, A ., I s m a il ,  H#N#, 
A l-R ayhani, F. and A l-H adithy, E . (1971)• Leaching 
o f  E uphrates s a lin e  s o i l s  in  ly s im e te rs . J .  S o il Sci# 
22, 508-513.
A sly ing , H.C# (1954). The Lime and Phosphate .P o te n tia ls  
QO P & .JL , th e  s o lu b i l i ty  and a v a i l a b i l i t : /  o f phosphate# 
Royal Vet# A gric . C o ll. Copenhagen, Year book, 1-50.
ASTM, S p ec ia l te c h n ic a l p u b lic a tio n  48- J .  X -ray powder 
d a ta  f i l e  S e ts . 1-5 (R ev ised ), Am. Soc. fo r  t e s t in g  
m a te r ia ls  ( 1960)#
ASTM. In o rg an ic , PDIS 10i RB powder- d i f f r a c t io n  f i l e  
S e ts  6-10 (R ev ised ). Am. Soc. fo r  t e s t in g  m a te r ia ls
( 1967) .
ASTM. P u b lic a tio n  PDIS 16- f  Fink in o rg an ic  index 
to  th e  powder d i f f r a c t io n  f i l e .  Am. Soc. fo r  t e s t in g  
m a te r ia ls  ( 19^7)•
Bache, B.Yf. (19^3) • Aluminium and iro n  phosphate s tu d ie s
r e la t in g  to  s o i l s .  I - S o lu t io n  and h y d ro ly s is  o f
V a r is c i te  and S tre n g i te . J .  S o il S c i. 113-123*
Barrow, N .J. (1972). In flu en ce  o f  so lu tio n  co n ce n tra tio n  
o f  calcium  on th e  a d so rp tio n  o f  phosphate, su lp h a te  
and molybdate by s o i l s .  S o il S c i. 113. 175-180.
B aver, L.D. (1956). S o il P h y s ic s . 3rd. e d . ,  John W iley
and Sons, I n c . ,  New York.
B ear, F .E . (1955)• Chem istry o f th e  S o i l . R einhold 
P u b lish in g  C orpo ra tion , New York.
B e rn s te in , L. and Firem an, M. (1957)• L abora to ry  
s tu d ie s  on s a l t  d i s t r ib u t io n  in  furrow i r r ig a t e d  s o i l  
w ith  sp e c ia l re fe re n c e s  to  th e  pre-em ergence p e rio d .
S o il S c i. 8} , 249-263.
B e rn s te in , L. and Hayward, H.E. (195®) • Ann. Rev. P la n t 
P jiy s io l. 2 f  23-46.
B ern s te in , L. (1961). Osmotic adjustm ent o f  p la n ts  tc  
s a l in e  media. I-S tead y  s t a t e .  Am. J .  Botany. 48 . 
909-918.
B jerrum , N. (1949)* S e lec ted  p ap e rs . Munksgaard, 
Copenhagen. 245-248. In : L arsen , S. S o il  phosphorus.
Adv. Agron. JM^ , (19^7)» 151-210, Academic P re s s , New 
York and London.
B onlaine, J ,  ( 1956) . Quelcrues Bonnees IMumeriques Sur 
Ih e tro g e n e te  des Sols S a l in .  A lgerie
Brown, G. ( 1961) .  The X -ray I d e n t i f i c a t io n  and C ry s ta l  
S t r u c tu r e s  o f C lay  M in era l. M in era log ica l Soc.
( d a y  M ineral Group), London.
B uehrer, T.F. (1932) • A rizona Agric. E xpt. S ta .  Tech. 
B u ll. 42. In :  Hemwal, J .B . The f ix a t io n  o f
phosphorus by s o i l s .  Adv. Agron. IX, (1957)» 95-112, 
Academic P ress  I n c . ,  New York.
195
22. Burd, J .S .  (1948)* Chem istry o f  th e  phosphate ion  in
s o i l  system s. S o il S c i, 6 5 , 227-247*
23* B uringh, P, ( i 960) .  S o il and S o il  C o n d itio n s  in  I r a q ,
M in istry  o f  A gric , I r a q * .
24* Buringh, P. and Kadry, L.T, (1956). S o il survey and
c la s s i f i c a t io n  in  I r a q , P roc, 6th ,  In te rn ,  Congr, o f  
S o il  S c i, P a i r s ,  V ,, J J ,  83- 84*
25« C h ak rav a rti, S,N, and T alibudeen , 0 , ( 1962) .  Phosphate
e q u i l ib r ia  in  a c id  s o i l s .  J ,  S o il S c i, J J ,  231-240.
26. C la rk , J .S .  and Peech, M. ( 1980) ,  In f lu en c e  o f  n e u tra l
s a l t s  on th e  phosphate ion co n ce n tra tio n  in  s o i l  s o lu t io n .
S o il  S c i. Soc. Am. P ro c . 24, 346- 348,
27.. C ole, C .V ., O lsen, S.R. and S c o tt ,  C.O. (1953). The
n a tu re  o f  phosphate so rp tio n  by calcium  carb o n a te .
S o il S c i. Soc. Am. P roc . 17, 352-356*
28, C o llan d er, R. (1941)* S e le c tiv e  a d so rp tio n  o f  c a tio n s
by h ig h e r p lan ts*  P la n t P h y s io l. J_6, 691- 720 .
29* Cook, R.L. and D avis, J .F .  (1957)* The re s id u a l  e f f e c t
o f  f e r t i l i z e r .  Adv. Agron. IX, 205-216 . Academic 
P re ss  I n c . ,  New York.
30. D avis, L .E . (1935)• S o rp tion  o f phosphate by non
c a lca reo u s  Hawaiian s o i l s .  S o il S c i. j |0 , 129-158*
31. Dean, L.A. and Rubins, E .J .  (1945)• A bsorption  by p la n ts
o f  phosphorus from a c lay -w ate r system: Methods and
ensuing, o b se rv a tio n s . S o il S c i. 437- 448.
32. Debye, P . and H uckel, E. (1923)* P hysik . Z . 2£,  185 .
33. Denman, W.L. ( 1961) .  Maximum re -u se  o f coo lin g  w ater 
based on gypsum conten t and s o lu b i l i ty .  In d . Eng.
Chem. 2 $ ,  817-822.
Donahue, R.L. and Shockluna, J .C . and R obertson , L.S.. (197^)• 
S o ils  — An I n tr o d u c t io n  to  S o i l  and 71 p i t , -h fi-rowth. 3rd ed. 
P re n tic e  H a ll, I n c , ,  London.
Doughty, J.L# (1930). The f ix a t io n  o f  phosphate by a 
peat s o i l .  S o il S c i. 2%, 23-36.
Doughty, J .L . (1935 )* Phosphate f ix a t io n  in  s o ils ,  
p a r t ic u la r ly  as in fluenced  by organic m a tte r. S o il S c i.
jjo, 191- 202.
D rake, M. and S te c k e l, J .E . ( 1955)• S o lu b il iz a t io n  o f  
s o il  and rock phosphate as re la te d  to  root c a tio n  exchange 
c a p a c ity . S o il S c i. Sco. Am. Proc. JJ2, 449-450*
E aton , P.M. ( 1941)• W ater uptake and ro o t grwoth a s  
in flu en ced  by in e q u a l i t ie s  in  th e  co n cen tra tio n  o f  th e  
s u b s t r a te .  P la n t P h s io l .  Jj6 , 545- 564.
E aton , P.M. (1950)* S ig n if ic an c e  o f carbonates in  
i r r ig a t io n  w a te rs . S o il S c i .  69 , 123-133.
Edwards, A .P. and Bremner, J.M. ( 1967)* D isp ersio n  o f  
s o i l ,  p a r t i c le s  by sonic  v ib ra t io n .  J .  S o il S c i. JjB, 47-63*
E igen , M. and Wieke, E. (1954)* The thermodynamics o f 
e le c t r o ly te s  a t  h ig h er co n ce n tra tio n . J .  P h y s io l. Chem.
5 8 , 702- 714 .
E r ik sso n , E. (1942). The e f f e c t  o f  potassium  ch lo rid e  
on th e  s o lu b i l i ty  o f  s o i l  phosphate. Kungl. L antbruksakad. 
T id sk r. 8^, 40-80.
F ie ld s ,  M. and P e r ro t ,  K.W. (1966) . The n a tu re  o f 
a llo p h a n e ' in  s o i l s  P a r t  3. Rapid 'f ie ld  and la b o ra to ry  
t e s t  fo r  a llo p h an e . N.Z. J .  S c i. 623-629* S o il 
Bureau Pub. No. 367*
F o s te r ,  W.N.M. and R u ss e ll ,  R .S. (1958)* F a c to rs  a f f e c t in g  
th e  a b i l i t y  o f p la n ts  to  absorb phosphate from s o i l s .
I l l  -  P lan t p h y s io lo g ic a l e f f e c t s  o f i ro n . J .  S o il S c i.
5 , 280-288.
G a rr ie s , R.M. and C h r is t ,  L.C, (19^5)• S o lu tio n , M inera ls  
and B q u i l i b r i a . H arper &, Row, Kevi York,
G a rr ie s , R.M., Thompson, M.E. and S i lv e r ,  R, ( 1961) .
C ontro l o f carbonate s o lu b i l i ty  by carbonate  complexes.
Am. J .  S c i. 2£2, 24-45.
Goldberg, S .D ., R in o t, M. and Karu, N. (197^)•  E f fe c t  
o f  t r i c k l e  i r r ig a t io n  in te r v a ls  on d i s t r ib u t io n  and 
u t i l i s a t i o n  o f s o i l  m oisture  in  a  V ineyard . S o il S c i. Am.
P ro c* 127- 130.
G reaves, J .E .  (1910). E ffe c t o f  so lu b le  s a l t s  on in so lu b le  
phosphates. J .  B io l .  Chem. 2» 287-319*
Greenwald, I .  (1941)• The d is s o c ia t io n  o f  calcium  and 
magnesium carbonates  and b ic a rb o n a te s . J .  B io l .  Chem.
141f 789-796.
Greenwald, I .  (1‘942). The s o lu b i l i ty  o f  calcium  phosphate . 
J ,  B io l .  Chem. 143. 703-714*
G r i l l o t ,  G. (1956). Reviews o f R esearch . Unesco A rid 
Zone Reseach IV, 9 -35 t P a r i s .
Gunary, D. and S u tto n , C.D. (19°7 ). S o il f a c to r s  
a f f e c t in g  p la n t up take o f  phosphate. J .  S o il S c i. 18. 
167-173.
H agin, J .  and Hadas, A. ( 1962) .  S o il S cience . 
S o lu b i l i ty  o f calcium  phosphate in  ca lca reo u s  s o i l s .  
N ature V £ 9 1211-1212.
*
Hanna, A ., A ugustine, B ., and A l-T alab an i, K. (1970). 
rD.G. S o il and land rec lam a tio n . s Report subm itted  to  
th e  I r a q i  Government.
Harmer, P.M. and Benne, E .J .  (1945). Sodium a s  a  crop 
n u t r i e n t .  S o il S c i. 60, 137-148.
198
56. Harmer, P .M ., Benne, E . J . , L aughlin , W.M. and. Key, C. (1953)* 
F a c to rs  a f f e c t in g  crop response to  sodium ap p lied  a s  
common s a l t  on Michigan muck s o i l .  Soi 1 S c i. J 6 ,  1-17.
57* Harvey, H.W. (1957)• The Chemistry and F e r t i l i t y  of S p a.
W ater. 2nd. ed. Cambridge U niv. P re s s .
58. Hasman, J . F . ,  Brown, E.H. and W h itt, C.D. (1950)• Some
re a c tio n s  o f phosphate w ith  c lay s  and hydrous o x ides o f  
iro n  and aluminium. S o il S c i. J 0 t 257-271•
59* Hayward, H.E. and S purr, W.B. (1943)* E f fe c t o f  osm otic
c o n ce n tra tio n  o f  su b tra te  on th e  e n try  o f  w ater in to  corn
ro o ts .  Botan. Gaz. 105. 152—164 .
60 . Hayward, H.E. and S purr, W.B. ( 1944) .  E f fe c t  o f iso sm otic
co n ce n tra tio n  o f  in o rg an ic  and o rg an ic  s u b tra te s  on e n try
o f  w ater in to  com  ro o ts .  Botan. Gaz. 106. 131-139*
61 . Hayward, H.E. and W adleigh, C.H. (1949)* P la n t growth 
on s a lin e  and a lk a l i  s o i l s .  Adv. Agron. 1-38.
Academic Press-, I n c . ,  New York.
62 . Hemwall, J .B . (1957)• The f ix a t io n  o f  phosphate by s o i l .
Adv. Agron. IX, 95-112. Academic P ress  I n c . ,  New York.
63 .  H esse, P .R . (1971) • Text Book o f S o i l  Chemical A n a ly s is . 
W illiam  Clowes & Sons L td .,  London.
64 . H iginbotham , N ., E th e rto n , B. and F o s te r , R .J . ( 1964)*
E f fe c t  o f  e x te rn a l K, NH., Na, Ca, Mg and H ions on th e  
cel1-transm em brane e le c tro p o te n t ia l  o f  Avena c o le o p t i le .
P la n t P h y s io l. 196-203*
65 . H iginbotham , N ., E th e rto n , B. and F o s te r , R .J . ( 1967) .
M ineral ion  co n ten ts  and cell-transm em brane e le c t ro p o te n t ia ls  
o f  Pea and Oat see d lin g  t i s s u e .  P la n t P h y s io l. 42 * 37- 46 .
66* H ilg a rd , E.W. ( 1906) .  S o i l s . M acmillan, New York.
67 . Hodges, T.K. (1973)• Ion a b so rp tio n  by p la n t ro o ts .
Adv. Agron. 25 , 163 -202 . Academic P re s s .  New York and 
London.
Hodgman, C .D ., W est, R.C. and Selby, S.M. ( i 960) .
Hand Book of Chemistry and Physics, Physical Properties 
*0?~l?olubi  1 i ty Inorganic 'idcnnent. 41st* ed. Chemical 
Rubber P u b lish in g  Company.
Husband, A.D. and Godden, W. (1927)* The d e te rm in a tio n  
o f  sodium, potassium  and c h lo rin e  in  food s tu f f s .  A nalyst
5 2 , 72-75.
Is lam , M.A. (1956). Role o f  s o lid  phase in  phosphorus 
n u t r i t io n  o f  p lan ts  a s  rev ea led  by ra d io a c tiv e  in d ic a to r .  
S o il  S c i. 81, 439-442.
Jackson, M.L. ( 1962) .  S o il Chemical A n a ly sis .. T aylor  
G arnett, Evans & Co. L td ., Watford.
Jenney, H. and O verstrea t, R. (1939). Surface m igration  
o f  io n s  and con tact exchange. J .  Phys. Chem. 1185-1195-
Jenney, H. and R e item e rie r , R .P. (1935). Ion exchange 
in  r e la t io n  to  th e  s t a b i l i t y  o f c o llo id a l  system s. J .  Phys. 
Chem. J 2 t  593-604.
Ju m ik is , A.R. ( 1962) .  S o il M echanics. D. Van N ostraad  
Co. I n c . ,  London.
K arlsso n , N. and M attson, S. (1940). E lec tro c h em is try  
o f  s o i l  fo rm ation . IV. The s a l t  e f f e c t  on am photeric 
c o llo id s  and phosphate f ix a t io n .  A nnals. A g ric . C o ll.
Sweden. j8_, 406- 424.
K e lley , W.P. and Brown, S.M. (1934). P r in c ip le  covering  
th e  rec lam atio n  o f  a lk a l i  s o i l s .  H ilg a rd ia . 8, 149-177.
Kemper, W.D., Shainberg , I .  and Q uirk, J .F .  (1972)•
S w elling  p re s su re , e l e c t r i c  p o te n t ia ls  and ion 
c o n c e n tra tio n . T heir ro le  in  h y d ra u lic  and osm otic 
flow  th rough  c la y s . S o il S c i. Soc. Am. P roc . 229- 236.
K ing, E .J .  (1932). XXXIII. The c o lo r im e tr ic  d e te rm in a tio n  o f 
phosphorus. Biochem ical J .  26, 292-297.
200
79* K i t t r i c k ,  J.A , and Jackson , M.L. (1955) • Rate o f
phosphate re a c tio n  w ith  s o i l  m in era ls  and e le c tro n  
m icroscope o b se rv a tio n s  on th e re a c t io n  mechanism*
S o il S c i ,  Soc. Am. P roc. 292-295*
80, Kugelmass, I.N , and R othw ell, C. (1924)* The d i r e c t
d e te rm in a tio n  o f  th e  secondary phosphate . J .  B io l. Chem.
«j8, 643-648.
81 • Kuo, S. and L o tse , E.H. (1972). K in e tic s  o f  phosphate
a d so rp tio n  by calcium  carbonate  and calcium  k a o l in i te .
S o il S c i .  Soc. Am. P roc. J>6, 725-729*
82. K u rtz , T . , De Turk, E .E . and Bray, R.H. ( 1946) .  Phosphate
a d so rp tio n  by I l l i n o i s  s o i l s .  S o il S c i. 6 j ,  111-124*
83 .  L arsen , S. ( 1965)* The in flu en ce  o f  calcium  c h lo rid e
co n ce n tra tio n  on th e  d e te rm in a tio n  o f  lime and phosphate 
p o te n t ia l  o f  s o i l .  J .  S o il S c i. JjS, 275-278.
84* L arsen , S. ( 1967)* S o il  phosphorus. Adv. Agron. 19*
151-210. Academic F re s s , New York and London.
85* L ehr, J . J .  and Van Wesemael, J«CH. (1952). The in flu en ce
o f  n e u tra l  s a l t s  on th e  s o lu b i l i ty  o f s o i l  phosphate
w ith  sp e c ia l re fe re n c e s  to  th e  e f f e c t  o f  th e  n i t r a t e s  o f
sodium and calcium . J .  S o il S c i. J ,  125-135*
86. Long, E.M. (1943)* The e f f e c t  o f  s a l t  a d d itio n s  to  th e
s u b tra te  on in tak e  o f  w ater and n u tr ie n ts  by ro o ts  o f 
approach — g ra f te d  tomato p la n ts .  Am. J .  B otan. J>0, 594—601.
87* Longenecker, D.E. and L y erly , P .L . (1959)* Chemical
c h a r a c te r i s t ic s  o f  s o i l s  o f West Texas a s  a f fe c te d  by 
i r r i g a t io n  w ater, q u a l i ty .  S o il S o i. 8 j ,  207-216.
s
88. Low, P .P . and B lack, C.A. (1950)• R eac tions o f phosphate 
w ith  k a o l in i te .  S o il S c i. JO,  273-290*
89 . M ac ln tire , W.H. and H atcher, B.W. (1942)• Evidence in
support o f  a  new concept a s  to  th e  end product o f 
superphosphate in  limed s o i l s .  S o il S c i. 43-54*
201
90.
91.
92.
93.
94.
95.
96 .
97.
98.
99.
100.
101.
Mack, A.R. and B arber, S.A. (19^0). In flu en ce  o f  tem peratu re  
and m oisture on s o i l  phosphorus# I  — E f fe c t on s o i l  
phosphorus f r a c t io n s .  S o il S c i. Soc. Am. P roc . 2^, 381- 385.
M agistad, O.C. ( 1945)• P la n t growth r e la t io n s  on s a lin e  
and a lk a l i  s o i l s .  B otan. Rev. J J ,  181-230.
M afrtingley, G .E .G ., R u ss e ll ,  R.D. and J e p h c o tt ,  B.M. (19^3). 
Experim ents on cum ulative d re s s in g  o f  f e r t i l i z e r s  on 
ca lca reo u s s o i l s  in  south  west England. I I .  Phosphorus 
uptake by ry eg ra ss  in  th e  greenhouse. J .  S c i. Pood and 
A g ric . 629- 637 .
M attson, S. (1929). The law o f  s o i l  c o l lo id a l  b e h a v io u r il .  
S o il S c i. 28, 179-220.
M attson, S. (1931)• The law o f c o llo id a l  behav iour: V 
ion  ad so rp tio n  and exchange. S o il S c i. 311-331.
M attson, S. ( 1966) .  The io n ic  r e la t io n s h ip s  o f  s o i l  and 
p la n t .  A nnals. A gric . C o ll .  Sv;eden, J_6, 135-143*
M attson, S. and B ark o ff, E . (1953). X .Phosphate 
ad so rp tio n  by s o i l s  as  a  fu n c tio n  o f  c o n c e n tra tio n . A nnals. 
A g ric . C o ll .  'Sweden. 20,  71-79*
M attson, S. and K arlsson , N. (1938). A nnals. A g ric .
C o ll .  Sweden. 6^ 109-157.
M attson, S . ,  E rik sso n , E . ,  V a h tra s , K. and W illiam s, E.G. 
(1949)* Phosphate r e la t io n s h ip s  o f ‘ s o i l  and p la n t .  I .  Membrane 
e q u i l ib r ia  and phosphate uptake. A nnals. A g ric , C o ll.
- Sweden. j 6 ,  458- 484.
M attson, S . ,  W illiam s, E .G ., E rik sso n , E . and V a h tra s , K. 
(195P)• Phosphate r e la t io n s h ip s  o f s o i l  and p la n t .  I I .  
S o il -S o il  so lu tio n  e q u i l ib r ia  and phosphate s o lu b i l i ty .
A nnals. A g ric . C o ll. Sweden. J J ,  64-91.
M arsh a ll, W.L. and S lu sh e r, R. ( 1966) .  Thermodynamics of 
calcium  su lp h ate  d ih y d ra te  in  aqueous sodium c h lo rid e  
s o lu t io n . J .  Phys. Chem. JO , 4015-4027.
Methods o f  Analysis o f the  Asso c ia tio n  o f  O f f ic ia l  
A g r ic u l tu ra l  Chemists (1955J.  A ssoc ia t ion  o f  O f f ic ia l  
A g r ic u ltu ra l  C hem ists. Benjamin F ran k lin  S ta t io n , W ashington.
202
102.
103.
104*
•105*
106.
107.
108. 
109,. 
110, 
111.
M uljad i, D ., Posner, A.M. and Q uirk, J .P .  ( 1966) .  The 
mechanism o f  phosphate ad so rp tio n  by k a o l in i te ,  g ib b s i te ,  
and pseudoboehmite. P a rt I .  The iso therm s and th e  e f fe c t  
o f  pH on ad so rp tio n . J .  S o il S c i. 212-228.
Nakayarna, P .S . and R asnick , B.A. (19^7) * Calcium 
e le c tro d e  method fo r  m easuring d is s o c ia t io n  and s o lu b i l i ty  
o f  calcium  su lphate  d ih y d ra te . A nnal. Chem. 1022-1023.
Nye, P.H. ( 1966) .  The e f f e c t  o f  th e  n u tr ie n t  in te n s i ty  
and b u ffe r in g  power o f  a s o i l  and th e  ad so rb in g  power 
s iz e  and ro o t h a i r s  o f a  ro o t ,  on n u tr ie n t  ad so rp tio n  by 
d if f u s io n .  P la n t S o i l .  _2^f 81-105*
O lsen, S.R. and Watanabe. P .S . (1957). A method to  
determ ine phosphorus ad so rp tio n  maximum o f  s o i l s  a s  
measured by th e  Langmuir iso therm . S o il  S c i. Soc. Am.
P ro c . jM , 144- 149.
P ip e r , C.S. (1950)• S o il and P la n t A n a ly s is . The U niv. 
o f  A delaide , A delaide .
Ragland, J .L . and Seay, W.A. (1957). The e f f e c t s  o f 
exchangeable calcium  on th e  r e te n t io n  and f ix a t io n  o f  
phosphorus by c lay  f r a c t io n s  o f s o i l .  S o il S c i. Soc. Am.
P ro c . 261- 264.
R u s s e l l ,  E.W. ( 1961) .  S o il C onditions and P la n t Growth.
9 th  ed. Longman Group L td . ,  London.
R u s s e ll ,  r . s < (1970). Root system s and p la n t n u t r i t io n .
Some new approaches. Endeavour. XXIX, 107# 60-66.
R u s s e l l ,  E.W. (1971). S o il s t r u c tu r e .  I t s  m aintenance 
and improvement. J .  S o il S c i. 22 , *137-151.
R u s s e l l ,  G.C. and Low, P .P . (1954). R eac tion  o f  phosphate 
w ith  k a o l in i te  in  d i lu te  s o lu tio n . S o il S c i. Soc. Am. P roc . 
189 22-25.
205
112. S c o f ie ld , C.S, (193^) • Sm ithsonian I n s t ,  Ann, R ept,
1934-1935» 275-287. In : A ll is o n , L.E. ( 1 9 6 4 ) • S a l in i ty  
in  r e la t io n  to  i r r i g a t io n .  Adv. Agron. JjS, 139-180. 
Academic P re s s , New York and London.
113* S h te m in a , E.B. (1957) On th e  maximum o f  th e  s o lu b i l i ty  
iso therm s o f  calcium  su lp h a te  and ca rb o n ate . J.. In o rg . 
Chem. USSR. 2, 933-937.
114-* Sigmond, A .A .J. De. (1938). The P r in c ip le s  o f  S o i l  
Science i l l u s .  London.
1 1 5 . S i l l e n ,  L.G. and M a rte ll, A.E. ( 1 9 6 4 ) .  Chem. Soc. London 
Spec. P ub l. 17. In: Larsen, S. S o i l  phosphorus.
Adv. Agron. J ^ , 151-210. Academic P r e ss , New York and 
London.
116.  Smeck, . N.E. (1973)* Phosphorus: An in d ic a to r  o f
pedogenetic  w eathering  p ro c e sse s . S o il S c i. 115. 199-206.
117-* S tan fo rd , G ., K e lly , J .B . and P ie r r e ,  W.H. (1941) • S o il 
S c i. Soc. Am. P roc . 6 9 335-341*
118.. Sverdrup, H .U ., Johnson, M.W, and Flem ing, R.H. (1942). 
The Oceans. P re n tice  H all I n c . ,  New York.
119.  T alibudeen , 0 . (1957)• I s o to p ic a l ly  exchangeable phosphorus 
in  s o i l s .  P a r t  I I .  F a c to rs  in f lu e n c in g  th e  e s tim a tio n  of 
’’l a b i l e ” phosphorus. J .  S o il S c i. 8 , 86- 98.
120'. Thomas, M. and Mack. W.B. (1939). The f o l i a r  d ia g n o s is
o f  Zea mays su b jec ted  to  d i f f e r e n t i a l  f e r t i l i z e r  tre a tm e n t. 
J .  Agr. R esearch . ^ 8 , 477—491•
121,. Troug, E . ,  B erger, K.C. and A t to e ,- 0 .J .  (1953). Response
o f  n ine  economic p la n ts  to  f e r t i l i z a t i o n  w ith  sodium.
S o il S c i. j[6 , • 41-50.
122. T y r r e ll ,  G.W. (1971)• The P r in c ip le  o f  P e tr o lo g y . An
in tro d u c tio n  to  th e  sc ience  o f ro ck s . Methuen & Co. L td . ,  
London.
204
123* U«S, Regional S a l in i ty  Laboratory , (1947)• Laboratory  
S t a f f ,  Ed: R ichards, L.A. M ultithed .
1 2 4 .' S a l in i ty  L aboratory  S ta f f .(1954)• D iagnosis and
improvement o f s a lin e  and a lk a l i  s o i l s .  Ed: R ich ard s ,
L.A. USDA A g ric . Handbook. 60
125* V aidyananthan, L.V. and Nye, P.H. ( 1966) .  The measurement 
and mechanism o f  iro n  d if fu s io n  in  s o i l s .  I I ,  An exchange 
r e s in  paper method fo r  measurement o f  d i f f u s iv e  f lu x  
and d if fu s io n  c o e f f ic ie n t  o f  n u tr ie n t  io n s  in  s o i l s .
J .  S o il S c i. j j r ,  175-182.
126. V an01phen,H . ( 1983) .  An In tro d u c tio n  to  C lay C o llo id  
p.hem istry. John W iley & Sons, I n c . , .London.
127. V ogel, A .I . ( 1961) .  Text Rook o f  Q u a n tita tiv e  In o rg an ic  
A n a ly s is . 3rd* ed , Longmans, Green & Co. L td . ,  London.
128. W alkley, A. (1947)* A c r i t i c a l  exam ination o f  a  ra p id
method fo r  de term in ing  o rgan ic  carbon in  so ils  -  e f f e c t s  
o f  v a r ia t io n s  in  d ig e s t io n  co n d itio n s  and o f  in o rg an ic  
s o i l  c o n s t i tu e n ts .  S o il S c i. 6^ .  251- 264.
129. W adleigh, C.H. and Shive, J.W. (1939)* Base con ten t o f
corn p la n ts  a s  in flu en ced  by pH o f  s u b s tra te  and form o f  
n itro g e n  supply . S o il S c i. 4£ • 273-283.
130# W h itt le s , C.L. and S chofie ld -P alm er, E.K. (1950*  On
pC, pS and pN as  in d ic a t in g  fu n c tio n s  o f e l e c t r i c a l  s o i l  
c o n d u c tiv ity . J .  S o il S c i. 2 , 241-245*
131 tm W ilcox, L.V. (1955)* U .S. D ept. A g ric . C irc , 969. In :
A llis o n , L.E. S a l in i ty  in  r e la t io n  to  i r r i g a t io n .  Adv.. 
Agron. J j) , ( 1964) ,  139-180. Academic P r e s s . ,  New York 
and London.
132* W iegner, G. and Jenny, H. (1927)• Ueber B asenaustausch
an P e rm u titen . K o llo id . Z . ,  4j>, 268-272. In : K e lley ,
W.P. (1948). Cation Exchange in  S o i l s .  Reinhold 
P u b lish e r  C o rp o ra tio n , New York.
I 33 . W ild , A. ( 1964)* S o il S c ience , so lu b le  phosphate in  s o i l
and uptake by p la n ts . N ature. 203. 326-327.
205
134* W illiam s, E.G. (1970)• F a c to rs  a f f e c t in g  the  a v a i l a b i l i t y  
o f  s o i l  phosphate and th e  e f f ic ie n c y  o f  phosphate 
f e r t i l i z e r s .  P resen ted  a t  an A nglo-Soviet symposium on 
agrochem ical re sea rch  ancl th e  use o f m ineral f e r t i l i z e r  
in  Moscow. Macaulay I n s t i t u t e  fo r  S o il  B esearch , Aberdeen, 
S co tlan d . 1-26.
135* W illiam s, R .J.B . and Cooke, G.W. (1 S?6 2)« M easuring 
so lu b le  phosphorus in  s o i l s ,  comparisons o f methods 
and in te r p r e ta t io n  o f  r e s u l t s .  J .  A g ric . S c i. 59. 
275- 280.
.136. W illiam s. E.G. and Saunders, W.M.H. (1956). S ig n if ic an c e  
o f  p a r t i c l e  s iz e  f r a c t io n s  in  re a d i ly  so lu b le  phosphorus 
e x tra c t io n s  by th e  a c e t ic ,  Troug and l a c ta te  methods.
J .  S o il S c i. 2» 189-202.
.137. W right, K.E. and Donahue, B.A* (1953)* Aluminium to x ic i ty
s tu d ie s  w ith  ra d io a c tiv e  phosphorus. P la n t P h y s io l. 28. 
674-680.
vi38. Zimmerman, M. (1947)* Magnesium in  p la n ts .  S o il S c i. 63 .
1- 12.
